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LETTER OF TRANSMITTAL

DEPARTMENT OF THE INTERIOR,
UNITED STATES (GEOLOGICAL SURVEY,
D1visioN oF MINERAL RESOURCES,
Washington, D. C., June 17, 1895,

SIR I have the honor to transmit herewith the eleventh report of
the series, Mineral Resources of the United States, this report bearing
the title ¢ Mineral Resources of the United States, 1894,” and contain-
ing in two volumes the statistical record for calendar year ending
December 31, 1894, It contains also the usual summary of recent
developments in the knowledge of the miveral deposits in this country
and elsewhere, much of this information extending into the eurrent year.

In accordance with the act of Congress approved March 3, 1895,
changing the form of this publication, it is now presented to form
Parts 11T and I'V of the Sixteenth Annual Report of the Survey.

By your direction the report to cover the calendar year 1895 is also
in preparation. -

Very respecttully, your obedient servant,
Davin T. Day,
Geologist in Charge.
Hon., CHARLES D. WALCOTT,
Director United States Geological Survey.
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INTRODUCTION.

This is the eleventh report of the series Mineral Resources of the
United States. Its scope and the arrangement of the snbjects treated
are the same as in the ten previous volumes., This report covers the
calendar year ending December 31, 1894, Its object is to show theuse
made of the mineral deposits of the United States, particularly the
amount of each nseful mineral produced and its value. It summarizes
also the new additions which have been.made to the known mineral
deposits in the United States and in other countries which trade with
this. -

Form of publication.—The form of the report changes this year from
ordinary octavo to the royal octavo form of the Annual Report of the
Survey, of which it forms a part, in accordance with a recent act of
Congress. It has been divided into two volumes, forming parts IIT
and IV, . Part IIT is devoted to the mineral products which are chiefly

8old in metallie form, while Part IV treats of nonmetallic minerals and -

such metallic compounds as find direct use without preliminary reduc-
tion to the metallic condifion. The more important chapters have
already been published, as promptly as compiled, in the usual pamphlet
form. ’ :

- Acknowledgments.—As in previous volumes, the names of the con-
tributors of the several important chapters are given in connection
with those subjects; but it is gratifying to acknowledge in this place
the hearty cooperation of the individual mine owners in the efforts to
make this report an annual census of the mine prodncts and their
values, instead of the collection of close estimates, which was all that
was contemplated when this series began. In addition to the pro-
ducers of the highly priced produets, who are familiar with the value
of accurate statistical work, thanks are due to the producers of stone
and of clay products for the vast amount of statistical information

which they have farnished for this volume,
3
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4 ¢ MINERAL RESOURCES.

The Bureaun of Statistics of the Treasury Department has, as usual,
farnished the statistics of imports and exports, and special acknowl-
edgment is due to the courteous response which has met the many
demands for statistics in advance of their final publication by the
Bureau. Similarly the statistics of production of the precious metals
have been furnished by the Bureau of the Mint.

A brief review of the principal statistical results shown by the report
is given in the pages which immediately follow.

B e



MINERAL RESOURCES OF THE UNITED STATES, 1894

SUMMARY-

In a table which will be found on page 19, an attempt is made to
assign to the total product of each mineral a value which will repre-
sent its total value at the place of production and in the condition in
which it first becomes an article of commerce. In the case of metals
the arbitrary value at some trade center is used, which is customary in
making the selling prices of these products. Altogether the prices
thus used are smaller than those to which we are accustomed. Thus
the value of coal at the mines is only a small fraction of what we are
accustomed: to pay for it, but those values seem most useful in determ-
ining the variations from year to year of the several products. These
values are also added together, in order that the relative general change
from year to year may be readily seen.

Comparing the total value of the product in 1894 with the value of
1893, a great decline is evident, and the obvious cause is readily sur-
mised to bie the general great financial depression. But besides this
general depressing element there were several special features which
affected the net result.

The most notable was the strike of the bituminous coal miners, which
accounts quite largely for the greatly decreased production and increase
in price for part of the year. The strike naturally increased the use of
anthracite, which partially made up for the decreased demand for this
substance due to the depression.of manufactures. The low price of
silver is responsible for the decreased production of this substance.
The consumption of petroleum exceeded the production, greatly decreas-
ing the stocks at the wells and increasing the price. The otherprincipal
features are summarized below: '

METALS.

Iron and steel.—The declining tendency noted in the report for 1893
continued in 1894. The production of pigiron decrcased from 7,124,502
long tons in 1893 to 6,657,388 long tons in 1894. The decrease in value
was nearly $20,000,000, from $84,810,426 in 1893 to $65,007,247 in 1894.

5



6 MINERAL RESOURCES.

The value of the pig iron produced in the United States in 1894 was
less than half that in 1892, two years previous, though the decline in
production was only about 27 per cent. Production of steel of all kinds
increased from 4,019,995 long tons in 1893 to 4,927,581 tons in 1894,
Limestone used for iron flux in 18%4 was 3,698,550 long tons, valued at
$1,849,275, against 3,958,065 long tons, valued at $2,374,833,in 1893.

The total product of iron oresin 1894 was 11,879,679 long tons, valued
at $13,577,335, as compared with 11,587,629 long tons in 1893, valued
at $18,265,273. This is an increase in production of 292,050 long tons,
though the value decreased $4,687,938. The value per ton in 1894 was
$1.14, as eompared with $1.66 in 1893,

Gold and silver—The gold product increased from 1,739, 081 ‘troy
ounces, with a coining value of $35,950,000, in 1893, to 1 910 816 ounces,
worth $39,500,000, in 1894, This product\ IS the large‘st since: 1873.
Silver production declined in 1894 so that the total was less than in1893
by over 10,000,000 ounces, as follows: 1893, 60,000,000 ounces, coining
value $77,575,757; 1894, 49,501,122 ounces, coining value $64,000,000.

Copper.—The industry took little notice of the depressed money
market and the decreased consumption, but showed a noteworthy
increase. The product from American ores aggregated 360,544,218
pounds, valued at $33,141,142, agaiust 337,416,848 pounds in 1893,
worth $32,054,601. In addition, 6,655,844 pounds were produced in
1894 from imported pyrites. The necessary expenditures were also
made for keeping up future produetion.

Lead.—~Product: 159,331 short tons, worth $9,942,254, compared with

©. 163,982 short tons in 1893, worth $11,839,590.

Zine.—The rapidly increasing product of late years was checked in
1893 and 1894 and a slight decline noted in both years. Product: 75,328
short tons, valued at $5,288,026, compared with 78,832 short tons, worth
$6,306,560, in 1893, and 87,260 short tons, worth $8,027,920, in 1892.

Quicksilver.—The product showed a noteworthy increase from 27,993
flasks in 1892 to 30,164 flasks in 1893 and 30,416 flasks in 1894. The
price fell, making the total value $934,000 in 1894; $1,108,527 in 1893;
and $1,245,689 in 1892. The increased product came chiefly from the
New Almaden, Mirabel, and Atna mines.

Manganese.—The quantity declined from 7,718 long tons in 1893 to
6,308 tons in 1894, This was less than half the output in 1892. This
decrease was caused principally by the exhaustion of the Virginia
pockets of ore. The product of mangauniferous iron ore increased, while
manganiferous silver and zine ores declined in product and value. _

Aluminum.—The usual increase in product continued. In 1893
339,629 pounds were made, chiefly by the Pittsburg Reduction Com-
pany; it was valued at $266,903 in the producer’s hands. In 18%4
the output was 550,000 pounds; value, $316,250. The largest single
use is for adding to steel before casting. It is also used for improving
- iron castings, for ornamental fancy articles, and for aluminum cook-
ing utensils, which are being generally mtroduced
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The Southern deposits of bauxite furnish more and more of the raw
material.

Tin.—No work was done at the deposits other than the a,ppomtment
of a receiver for the Harney Peak Company.

Nickel—The United States product was greatly reduced, amounting
to only 9,616 pounds, less than one-fifth the output in 1893 and not
much more than 10 per cent of the product in 1892, The Nevada and
Oregon mines have not become producers, but prospecting and devel-
opment continue. The New Caledonia mines increased their product.

Antimony.—The value decreased from $45,000 in 1893 to $36,000
in 1894, The product came from Nevada, and was smelted in San
Francisco.

Platinum.—Product from the gold placers is still insignificant. The
production in 1894 was 100 ounces, valued at $600.

FUELS.

Ooal.—The product of coal of all kinds in 1894 was 152,447,791
long tomns, or 170,741,526 sbhort tons, valued at $186,141,564, against
162,814,977 long tons, or 182,352,774 short tons, valued at $208,436,696
in 1893. This indicates a decrease in 1894 of 10,367,186 long tons, or
11,611,243 short tons, or about 6 per cent, and a dechne in'value of
$22 297 132 or a little over 10 per cent. The product in 1894 consisted
of 46 358 144 long tons, or 51,921,121 short tons, of Pennsylvania
ant.hracité—a, decrease from 1893 of 1,827,262 long tons, or 2,046,422
short tons—and of 106,089,647 long tons, or 118,820,405 short tons, of
bituminous coal (including scattering lots of anthracite from Colorado
and New Mexico), a decrease, compared with 1893, of 8,540,916 long
tons, or 9,565,826 short tons. The value of Pennsylvania anthracite
decreased from $85,687,078 in 1893 to $78,488,063 in 1894, a loss of
$7,199,015. The value of bituminous coal declined from $122,751,618
to $107,653,501, a loss of $15,098,117. The average price per ton for
marketable anthracite declined from $1.94 per long ton in 1893 to
$1.85 in 1894, In arriving at the average price for anthracite the
amount of coal used at the collieries is not included. This factor con-
sists of culm, or slack, which would otherwise be thrown on the dump
and wasted, and no accouuat of it is taken in the valuation. The aver-
age price of bituminous coal declined from 96 cents in 1893 to 91 ceuts
in 1894, In determining the average price of bituminous coal all the
coal mined and not actually thrown away is considered.

In addition to the general trade depression and decline in values,
which affected both the anthracite and bituminous interests, the pro-
duction of bituminous coal was seriously disturbed by a prolonged
strike inaungurated in April and continuing in some cases until Sep-
tember. The adverse influences of this strike were felt in nearly all
the important producing centers, particularly in the Appalachian, Cen-
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tral, and Western fields. The anthracite and a few bituminous regions
which were not affected by the strike were temporarily benefited. The
Pocahontas region in Virginia and West Virginia, some portions of the
New River and Kanawha and the Upper Monongahela regions in West
Virginia, and some portions of Kentucky were exempted from its opera-
tions, and for a while production in these regions was greatly stimulated
and increased prices for the product were obtained; but the temporary
benefit derived from the disturbance in other regions was not sufficient
to offset the general decline in values, aud the output for the year even
iu these favored regions shows a decrease in value compared with the
preceding year. An estimate of the loss to the labor interests, based
upon the average number of employees and the average working time
in 1894 compared with 1893, shows one day’s labor lost by §,167,357
men, or 17,224 men throwu out of employment for a full year of 300
working days. Computing the average wages per diem at $3, the total
loss in wages to the miners and other employees thrown out of work
amounted to $15,502,071.

Coke.—The total product of coke in the United States in 1894 was
9,196,244 short tons, as compared with 9,477,680 short tons in 1893.
There was a slight increase of coke-made pig iron, from 5,390,184 long
tons in 1893 to 5,520,224 long tons in 1894, which would indicate an
increased produaction of coke for iron reduction. .

Petroleum.—The most notable features in connection with the pro-
duction of petroleum in 1894 are (1) the continued decline in production
in the older fields and the increase in the newer, especially in the Lima-
Indiana field and California, the total production of the United States
showing an increase; (2) the increase of consnmption over production
and heavy decline’in stocks at wells; and (3) the increase in price as
compared with 1893. :

Pennsylvania declined from 19,283,122 barrels in 1893 to 18,077,559
barrels in 1894; New York from 1,031,391 barrels in 1893 to 942,431 in
1894, West Virginia about held its own, the production being 8,445,412
barrels and 8,577,624 barrels in 1893 and 1894, respectively. Ohio
increased from 16,249,769 barrels in 1893 to 16,792,154 barrels in 1894,
The chief increasein this State was in the Macksbuarg or eastern Ohio
district, the Lima district producing about the same as in 1893. Indiana
increased from 2,335,293 barrels in 1893 to 3,688,666 barrels in 1894,
Colorado decreased from 594,390 barrels in 1893 to 515,746 barrels in
1894, and California increased from 470,179 barrels in 1893 to 705,969
barrels in 1894. The stocks held at the wells declined from 12,316,611
barrels at the close of 1893 to 6,499,880 barrels at the close of 1894,

The total increase in the United States was from 48,412,666 barrels
in 1893 to 49,344,516 barrels in 1394,

The average value of certificate oil in the Appalachian field in 1894
was 83% cents, as compared with 64 cents in 1893, an increase of 19%
cents. In the Lima field the average price advanced from 474 cents in
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1893 to 48 cents in 1894, The total value of the 48,412,666 barrels pro-
duced in 1893 was $28,932,326, or 593 cents per barrel, while the product
of 1894, 49,344,516 barrels, was worth $35,522,095, or nearly 72 cents
per barrel.
The exports in 1894 were 908,225,314 gallons, over 100,000,000 gallons
- more than in 1893. This is the largest export yet recorded.

STRUCTURAL MATERIALS.

Stone.—The value of the total product of stone of all kinds increased
from $33,885,673 in 1893 to $37,377,816 in 1894. The increase noted is
probably not 8o much due to an increase in actual production as it is
to the fact that the canvass of the stone producers of the country for
this year is a complete census.

Soapstone.—The production of soapstone in the form of slabs, ete.,
amounted to 23,141 short tons in 1894, worth $401,325, compared with
the production of 21,071 short tons in 1893, worth $255,067. The pro-
duction of fibrous talc in 1894 was 39,906 short tons, worth $435,060,
compared with 35,861 short tons in 1893, worth $403,436,

Clays.—For the first time in the history of the Geological Survey an
attempt has been made to make a complete canvass of the clay workers
of the United States. Thiswork has been highly satisfactory, and the
value of the clay products is shown to be $65,389,784. The only figures
with which comparison can be made is the statement published by the
Eleventh Census, which shows that the value of the finished brick, tile
and terra cotta, ete., in 1890 was $67,770,695.

Cement.—The production of natvral-rock cemeént increased slightly,
that is, from 7,411,815 barrels in 1893 to 7,563,488 barrcls in 1394.
Artificial Portland cement increased from 590,652 barrels in 1893 to
798,757 barrels in 18%4. The value of the natural-rock cement decreased
from $5,104,708 in 1893 to $3,646,608 in 1894 ; that of Portland increased
from $1,158,138 in 1893 to $1,383,473 in 1894 making a total value in
1894 of $5,030,081 as compared with $6,262,846 in 1893, though the
number of barrels increased from 8,002,467 in 1893 to 8,362,245 in 1894,
This decrease in total value is due to the fact that the value of the bas-
rels is not included in the 1894 figures, while it has been included here-
tofore.

ABRASIVE MATERIALS.

Mllstones.—The value decreased from $16,645 in 1893 to $13,887 in
1394. The product came from New York, Penusylvania, and Virginia.

Grindstones.—The value in 1894 was $223,214, as compared with
$338,787 in 1893. These values include $10,143 and $19,159 worth of
wlietstones made from sandstone, chiefly in Ohio, in 1894 and 1893
respectively.

Corundum and emery.—The product decreased slightly in 1894, or
from 1,713 short tons, worth $142,325, in 1893, to 1,495 short tons, worth
$95,936, in 1894,
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Oilstones.—The Arkansas, New Hampshire, and other whetstones in
1894 from novaculite had a value of $136,873, against $135,173 in 1893,
This does not include the sandstone products of Ohio.

MINERALS USED FOR CHEMICAL PURPOSES.

Phosphate rock.—TFlorida produced 527,653 long tons and South Caro-
lina 429,218 long tons in 1894, as compared with 438,804 long tons and
502,564 long tons in 1833, The value of Florida’s product in 1894
was $1,666,813 and of South Carolina’s $1,662,017, making a total of
$3,328,830. The total value for this product in 1893 was $4,136,070.
The chief event of importance in 1894 was the appearance of Tennes-
see among the list of producing States. ‘The product in this State in
that year was 19,188 long tons, worth, where produced, $67,158. Ten-
nessee promises to be in the future an important producer of a hIgh
grade of phosphate rock.

Marls.—The local use of marls in New Jersey, Virginia, and Ala-
bama continues to decrease, being displaced by commercial fertilizers.

@ypsum.—The product in 1894 was 239,312 short tons, worth $761,7 19
In 1893 it was 253,615 short tons, worth $696 615.

Salt.—The product in 1894 was 1 967,417 barrels (of 280 pounds each),
which was an increase over the product in 1893, when 11,816,772 barrels
were produced. The total value shows an increase from $4,054,668 in
1893 to $4,739,285 in 1394.

Bromine. —The increase in price noted in the last report has declined
again very slightly, the product in 1894 being 379,444 pounds, worth
$102,450, compared with 348,399 pounds in 1893, worth $104,520.

Todine.—~Search is still being made for large quantities of salt brines
containing even traces of iodine, with a view to new processes for
extracting it. :

Sulphur.—The product continues to decrease. In 1894 it was 500
short tons, worth at Salt Lake City $20,000. In 1893 it was 12,000
short tons, worth $42,000. This produect, as heretofore, comes entirely
from Western mincs. '

Pyrites.—The product increased from 83,277 long tons in 1893, worth
$275,302, to 105,940 long tons in 1894, worth $363,134. New sources of
supply are bemn developed in North Carolina.

Borax.—The product incereased from 8,699,000 pounds in 1893, worth
$652,425, to 14,680,130 pounds in 1894, Wort,h $974,445. This entire
product came from California and Nevada.

Fluorspar.~—~The product and value of this substance showed a
decline in 1894 from 1893, being 7,500 short tons, valued at $47,500,in
the former year, and 12,400 short tons, worth $34,000, in the latter year.

Chromic iron ore—~The product in 1894 was 3,680 long tons, worth
$53,231 in San Francisco, as compared with a product of 1,450 long
tons in 1893, worth $21,750. All of this product was from California,
The consumption is chiefly supplied from imports from Asia Minor,
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MINERAL PIGMENTS.

Barytes.—The promise of an increase in production of this substance
made in the last report was not fulfilled, the product being 23,335 short
tous, worth $86,983, as compared with a product of 28,970 short tons
in 1893, worth $88,506.

' Metallic paint.—The product of metallic paint increased from 19,960
short tons in 1893, valued at $297,289, to 25,375 short tons in 1894,
valued at $284,833, showing an inerease in produet of 5,415 tons and a
" decrease in value of $13,406.

Ocher, winber, etc.—The product of ocher decreased from 10,517 short
tons, valued at $129,393, in 1893, to 9,768 short tons, valued at $96,935
in 1894, Umber dechned from 480 short tons, valued at $7,560, to 265
short tons, valued at $3, 830.™ "The-pred: sienna mcreased from
150 to 160 short tons, but the value declined from 84,3710 T0~ 93,260,
The amount of soapstone ground for pigment was 75 tons, valned at
$525, against 100 tons, valued at $700, in 1893. Slate ground for pigment
decreased from 3,183 short tons to 2,650 short tons. : 4

Venetian reds.—The product decreased from 3,214 short tons to 2,983
short tons, while the value increased from $64,400 to $73,300.

Cobalt oxide.—The total produet in 1894 was 6,763 pounds, worth in
the condition in which it was first sold $10,145. Pure cobalt oxide
ready for pottery or paint use was worth $2 per pound. . :

Zinc white.—The production declined slightly, from 24,059 short tons
in 1893, worth $1,804,420, to 21,443 short tons in 1894, worth $1,500,975.
The price decreased from $75 per ton in 1893 to $70 in 1894.

Graphite.——The product, 918,000 pounds in 1894, includes the crude
material mined for crucible and all purposes, as well as that for pencils.
Its value was $64.010 in the state in which it was first mined. In 1893
the product was 843,103 pounds, worth $63,232.

MISCELLANTEOUS.

Precious stones.—The value of the rough gems found in the United
States decreased from $264,041 in 1893 to $132.250 in 1894.

Mica.—The industry is still erippled by irregularity in mining meth-
ods. The valne of the product in 1894 was $52,388, as eompared with
$88,929 in 1893.

Feldspar.—The product and value decreased from 18,391 long tons in
1893, worth $68,037, to 17,200 long tons in 1894, worth $167,700.

I'lint.—This produet shows an increase in produection and value, the
figures being, in 1893, 29,671 long tons, worth $63,792, as compared with
38,000 long tons, worth $319,200, in 1894.

Asphaltum.—As in 1893, the most of this produet came from Cali-
fornia, with small amonnts from Utah and Kentucky. This prodnct
includes ozocerite produced in Utah, and amounted in 1894 to 60,570
short tons, worth $353,400. This shows a slight increase in production
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and a decrease in value. In 1893 the product was 47,779 short tons,
worth $372,232.

Asbestos.—The deposits of chrysotile near Casper, Wyo., mentioned
in the last report, still lack development. The product in California,
however, increased quite significantly, or from 50 tons in 1893, worth
$2,500, to 325 tons in 1894, worth $4,463.

Infusorial earth.~~The product continues to decline, the value of that
produced in 1894 being but $11,718, as compared with $22,582 in 1893.

Magnesite.—California continues to be the only State producing this
substance. The productin 1894 was 1,440 short tons, valued at $10,240
in San Franeisco. In 1893 the product was 704 tons, worth $7,040.

Mineral waters.—The statistics are limited to the actual amount sold.
In 1894 the product declined to 21,569,608 gallons, worth $3,741,846,
as compared with a product of 23,544;495 gallons in 1893, valued at

BT T
Metallic products of the United States in 1894.
Produncets. Quantity. Value.
PAE ITOMe e eeeeeeeeeeaeaaeee e long tons..| 6,657,388 | $65,007, 247
TR troy ouneces..| 49,501,122 64, 000, 000
GOMle e e ae e e e e mmainaes do....| 1,910,816 | 39,500,000
Copper. . viiveeeiciiiaciea i beennaeeas . POunds. .| 360, 844,218 33,141, 142
B 7. T R short tons. . 159, 831 9,942 254
/41 1 L UG e do.... 75, 328 5,288,026
Quicksilver. ... ... ..ol flasks.. 30, 416 934, 000
Aluminum. ..o eeriiainiai i iea e pounds.. 550, 000 316, 250
Antimony..-eo. oo iai i short tons.. 200 36, 000
Nickel ccvieriniiir i iariaam e poundas.. 9,616 3,269
Platinum ..o, oiiieiiiiniianna.., troy ounees.. 100 600
L Total value of metallic pro@ucts -.eu.oeeverlacenaecoc... 218, 168, 788
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Nonmetallic mineral producis of the United States in 1894.

Products. Quantity. Value. _[
Bituminous coal............ ... ... short tona..| 118.820,405 | $107, 653, 501
Pennaylvania anthracite ..... .. cee....long tons.. 46, 358, 144 78, 488, 063
Building stone.......o..ocoo e 37,377,816
Petroleum ... .cveemen i e barrels..| 49,344,516 35, 522, 095
Natural Za8. .o i e reean., 13, 954, 400
Brick elay «cvimmme e i e eiaeeeaaas 9, 000, 000
Clay (all except brick).............. ...long tons.. 360, 000 800, 000
(073 131=3 1) A barrels.. 8, 362, 245 5, 030, 081
Mineral waters ..........o..... ... gaitlons sold-.| 21,569,608 '3,741, 846
Phosphateroek ... ... ... long tons.-. 976, 059 3, 305, 088
Salb. . e barrels .| 12,967,417 4,739,285
Limestone for iron finx.......__.._._.. Jouy tons.. 3, 698, 550 1, 849, 275
Zinc, white. ...l short tons.. 21. 443 1, 508, 975
Gypsnm .............................. short tons.. 239, 312 761,719
Borax . .-c.-aaa.... Neememmreeeaaraaienas pounds.. 14, 680, 130 974, 445
Mineral paints .................__....short tons.. 41,926 498, 093
Grindstones .....ooomii e e 223, 214
Fibrong tale ... ooevieiiniaain ... short tons.. 39, 006 435, 060
Aspbaltom . ... .ol do..-. 60, 570 353,400
Soapstone . ..inii i do.... 23, 141 401, 325
Precious stones .. ... .o i 132, 250
Pyrites.coieoniiaea i long tons.. 105, 940 363,134
Corundum.......... e short tons.. 1,495 93,936
Oilstones, ete. ..o aaaaeaaiiii il pounds. . {.............. 136, 873
Mich «ovrniin i 11 TR PR 52,388
Barytes «.oeniiiiiiiiiii L short tons.. 23, 335 86, 983
Bromine.....coooemiii i mia ., pounds.. 379, 444 102, 450
B0 F 7001 D o short tons.. 7,500 47,500
Feldspar . ... cocevnvenrniinaonaenna. long tons.-. 17, 200 167, 700
MAZUNOSG OT€ o veveaiacanaesennscaaancnns do.... 6, 308 53, 635
B £ 1 N do.... 38, 000 319, 200"
Graphite . ..ooomiaiimaniiiaiiiaiiian L. pounds.. 918, 000 64, 010
Sulphnr .o short tons.. 500 20, 000
Marls i iiniemioeesa i irt et iaa e do... 75, 000 40, 000
Infusorialearth ....ocooooiiiioiiiiiaL dooooiennaa ot 11,718
D1 B ] 23 T 13, 887
Chromic ironore. ........coceo oo Iong tons.. 3, 680 53, 231
Cobaltoxide . .......oooiaiaii pounds. . 6, 763 10,145
Magmesite...o.coeviierinninnenaaaa, short tons.. 1, 440 10, 240
Asbestog ... .oiiiaeloll e do..-. 325 4,463
Rutile .oooomoiiia e iicana, ponnds.. 150 450
Ozocerite ......... e meeeeeeceniaianas do.... (a) (a)
Total value of nonmetallic mineral prodncts. .|---ooooannn.. 308, 486, 774
-Tota) value of metallic products. ... .o |veeeiiianinan. 218, 168, 788
Estiinated value of mineral products unspeci- '
L S N A 1, 000, 500
Grand total .. ccoe i i eieeieee e 527, 655, 562

a Included in asphaltum.

13
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MINERAL RESOURCES.

Mineral products of the United States

1880. 1881.
Products.
Quantity. Value.” | Quantity. Value.
METALLIC.

1| Pig iron, value at Philadelphia......long tons..| 3,375,812 [$89,315,560 | 4,144, 254 |$87, 029, 334

2 | Silver, coining value..._._.. e troysounces..| 30,320,000 | 39, 200, 000 | 33,077, 000 | 43, 000, 000

3 | Gold, coining value..e.. i.cooe el do....| 1,741,500 | 36,000,000 | 1,676,300 | 34, 700, 000

4 | Copper, value at New York City...... pounds__| 60,480,000 | 11,491,200 | 71,680,000 | 12,175, 600

5 | Lead, value at New York City..... short tons.. 97,826 | 9,782, 500 117,085 | 11, 240, 160

6 | Zinc, value at New York City....c....._. do..-. 23,239 { 2,277,432 26,800 | 2,680,000

7 %uicksiIVer, value at Sau Franeisco. . ..flasks.. 59,926 | 1,797 780 60,851 | 1,764,679

8 ickel, value at Philadelpbia.......... pounds.. 329, 968 164, 984 265, 668 292, 235

9 | Aluminum, value at Pittsbarg........... L L B U LT LT T s PR P
10 | Antimony, valne at San Francisco. .short ton 50 10,000 50 10, 000
11 | Platinum, value (crude) at San Francisco, troy 100 400 100 400

ounces,
12 Total value of metallic products.....-.--l........__. 190, 039, 865 } ............ 192, 892, 408
NONMETALLIC (spot values).
13 | Bitumiuouscoal..caceicvuuraes..o..8hort tons..| 42,831,758 | 53,443,718 | 53,961, 012 | 60, 224, 344
14 | Pennsylvania anthracite............ long tons..| 25,580,180 | 42,196,678 | 28,500, 016 | 64,125, 036
15 | Building 8tone....covueievneccaaicona el 18,356,055 [............ 20, 000, 000
16 | Petrolenm..ccececennenaa-- e aaseans barrels | 26,286,123 | 24,183,233 | 27,661, 238 | 25, 448, 330
17 | Natural gas. -cceeneeneiemroeiineammmracarccfasasanaicaalienreannnns]vnnns N
18 | Clay (all except potter'aelays)...ccoeeeiivmrer]iimne ] inen i redeenem e
19 | Pofter's elay.coeeniomanicieeannnnan long tons.. 25, 783 200, 457 25, 000 200, 000
90 | Cemient...... Ceceeeceeaaecannn ceeeneas barrels..| 2,072,043 | 1,852,707 | 2,500,000 2,000,000
P ST L RO do....| 5,961,060 { 4,829,566 | 6,200,000 4,200,000
22 | Phosphaterock....... ... ceavnn... Jong tona.. 211, 377 1,123, 828 266,734 | 1,980,259
23 | Limestone foriron flux. . .oeoee oL do....| 4,500 000 | 3,800,000 6,000, 000 | 4,100,000
24 | Mineral waters..........ocovaaan. gallons sald..| 2,000, 000 500, 000 | 3, 700, 000 700, 000
25 | Zinewhite..-aioeeeenaoiaanaa oL short tons.. 10,107 768, 738 10, 000 700, 000
26 | Mineral Paints. -ee.ceueuoe cmecanemnnann- do. ... 4,036 135, 840 8, 720 100, 000
27 | BOTAR cve v riiec e itiiam e e i pounds..[ 3,692,443 277,233 | 4,046, 000 304, 461
28 | GYPBUIM. .onveniieiencane e short tons.. 90, 000 400, 000 85, 000 350, 000
20 | Grindstones - - oo ceie oo cciet i icacesorcncarsont]|ieesiesanonan 500,000 [..-........ 500, 600
30 | Fibrons talo..cocueernerevcencaaaann short tons . 4,210 54, 730 5, 000 60, 000
81| Pyrites....eoieeree i iieiaaea lonig tons.. 2. 000 5, 000 10, 000 60, 000
32 | SOAPSLON®. < -vneeeemrnnnnrmeoeeann shorf tons. . 8, 441 66, 665 7, 000 75, 000
33 | Manganese OrG..--.-c........ ceeeene long tons.. 5,761 86,415 4, 895 73,425
34 | ASPhalbulD. - oooeevveeeneaeeenaanns short tons. . 444 4, 440 2, 000 8, 000
35 | Precious8tones. ....c.euvonareniii i i, -. 100,000 fovenanne .. 110, 000
36 | Bromine.... ...eceaaeiiiiiiimei .. pounds.. 404, 690 114, 752 300, 000 95, 000
87 | Corundum short tons.. 1,044 29, 280 . 800 80, 000
38 | Barytes (crude).....coccaeeumnn. e do.... 20, 000 80, 000 20, 000 . 80,000
80 | Graph#te...occuvevacineincrmanacneann pounds._ |, ... . . 49, 800 400, 000 30, 000
40 | MillStOnes .. ceeeee i ceeiiiiecreeeiese i 200,000 j...o.cann... 150, 000
41 | Oilstones,efe...-ocveon oo iie L. pounds.. 420, 000 8. 000 500, 000 8,580
42 | Marls.cciiiinaineinniiiiannns - shorttons..{ 1,000,000 500, 000 1, 000, 000 500, 000
PR 1 long tons.. 20, 000 80, 000 25, 000 100, 000
44 | Flnorspar...ccevmeeeeiiiiiiaaiaans short tons.. 4,000 16,000 4,000 16, 000
45 | Chromic iron Ore. ..o oovecmann .. long tons.. 2, 288 27, 808 2, 000 30, 000
46 | Intusorial earth. ..... ... .......... short fons. . 1,833 45, 660 1,000 10, 000
47 | Feldspar....... e long tons.. 12,500 60, 000 14, 000 79, 000
48 | MGl . aeeecraeenencnrennremcaaacaaaas pounds.. 81, 669 127, 825 100, 000 250, 000
49 | Cobaltoxide. .o oo i do....|’ 7,261 24, 000 8,280 25, 000
50 | Slate ground as a pigment...---.... short tons. . 3, 00D 10, 000 1, 000 10, 000
51 | SWIPHUT e iacae s ot i i rranaeaaas do.... 600 21, 000 600 21, 000
52 | ABDESEOS o v vsonsee e do. ... 150 4,812 200 7,000
53 | Rutile................ [N pounds.. 100 400 200 700
54 | Lithographic stone........ccamn.... short tons |............f ... 50 1,000
55 Total value of nonmetallic mineral prod- |............ 154,279,135 |...... -.... 186, 783, 144
ucts.
56 Total value of metallic products..........[ .o .o o..n 190,039,865 |.-.....-.... 192, 892, 408
57 Estimated value of mineral products un- |............ 6,000,000 |...cconnno. 6, 500, 000
specitied. (a)

58 Grand total . .. ..o ovemenni e 350,319,000 |...oo...... 386, 175, 552

@ Including clays, except potter’s clay, prior to 1884.



SUMMARY. 15
Jor the calendar years 1880 to 1894.
1882. 1883. 1884.
Quantity. Value. Quantity. Value. Quantity. Value.

4,623,323 $106, 336, 420 4, 595, 510 $91, 910, 200 4,097, 868 $73,761,624 | 1
36, 197, 695 46, 800, 000. 35, 733, 622 486, 200, 000 37, 744, 605 48, 804, 000 | 2
1, 572, 186 32, 500, 000 1,451, 249 30, 000, 000 1, 489, 949 30,800,000 | 3
91, 646, 232 16, 038, 091 117,151, 795 18, 064, 807 145, 221, 934 17,789,687 | 4
132, 890 12, 624, 550 143, 957 12,322, 719 139, 897 10,537, 042 | .5
33, 765 3, 646, 620 36, 872 3,311,106 38, 544 3,422,707 | 6
52, 732 1,487,042 46, 725 1, 253, 632 31,913 936,327 7
281,616 309, 777 58, 800 52, 920 64, 560 48,412 | 8
.................................. 83 875 150 1,350 9
60 12, 000 60 12, 000 60 12,000 | 10
200 600 200 600 150 450 |11
................. 219,755,100 |..ooooeeoo...| 208,128,850 |...............] 186,109,599 |12
68, 164, 533 76, 076, 487 76, 755, 280 82,237, 800 89, 578, 204 71,417, 066 | 13
31, 858, 264 70, 556, 094 34, 336, 469 77.2587, 055 33, 175, 756 66, 351,512 | 14
................. 21,000,000 |..eevernn ... 20, 000, 000 |- << vrenerennn 19, 000, 000 | 15
30, 510, 830 24, 065, 988 23,449, 633 26, 790, 252 24, 218, 438 20, 595, 966 (16
................. 215,000 |..coieiianan.... 475,000 | oo iviieinneaen 1,460,000 |17
.................................................................................. 5, 500,000 |18
30, 000 240, 000 32, 000 250, 000 35, 000 276, 000 |19
3, 250, 000 3,672, 750 4,190, 000 4,293, 500 4, 000, 000 3,720, 000 |20
6,412, 373 4, 320, 140 6,192, 231 4,211, 042 6,514, 937 4,197,734 |21
* 882,077 1,992, 462 378, 380 2, 270, 280 431, 779 2,374,784 |22
3, 850, 000 2, 810, 000 3,814, 273 1,907,136 3, 401, 930 1,700,965 |23
5, 000, 000 800, 000 7,529,423 1,118, 603 10, 215, 328 1,459,143 (24
10, 000 700, 000 12, 000 840, 000 13, 000 910, 000 (25
7, 840 105, 000 7, 840 84,/000 7, 840 84,000 |26

4, 236, 291 338, 903 6, 500, 000 585, 000 7,000,000 480,000 |27
100, 000 450, 000 80, 000 420, 000 90, 000 200,000 |28
........ eeeieaes 700,000 {. ... 600,000 |................ 570, 000 (29
6, 000 75, 000 6, 000 75, 000 10, 000 116, 000 |30
12, 000 72, 000 25, 000 137, 500 35, 000 175,000 |31
6, 000 90, 000 8, 000 150, 000 10, 000 200, 000 |32
4,532 67, 980 6, 155 92, 325 10, 180 122,160 |33
3, 0600 10, 500 3,000 10, 500 3, 000 10,500 |34
................. 150,000 J.oennovainnn .. 207,060 |- ... ... ... 222,975 |35
250, 000 75, 000 301, 100 72,264 281, 160 67,464 | 36
500 80, 000 550 100, 000 600 108, 000 |37
20, 000 80, 000 27, 000 108, 000 25, 000 100, 000 |38
425, 000 34, 0600 575, 000 46,000 |........ .. . ... B 11
................. 200,000 |.oeeeeeeeann ... 150,000 foeeeeeuennnnn... 150, 000 | 40
600, 000 10, 000 600, 000 10, 000 800, 000 12, 000 |41
1, 080, 000 540, 000 972, 000 486, 000 875, 000 437, 500 |42
25, 000 100, 00¢ 25, 000 100, 000 30, 000 120, 000 {43
4, 000 20, 000 4, 000 20, 000 4, 000 20, 000 44
2, 500 50, 000 3,000 60, 000 2 000 35, 000 | 45
1, 000 8, 000 1, 000 5, 000 1, 000 5, 000 |46
14, 000 70, 000 14, 100 71,112 10, %00 55, 112 |47
100, 000 250, 000 114, 030 285, 000 147, 410 368, 525 (48
11, 653 32, 046 1,096 2, 795 2, 000 5,100 |49
2, 000 24, 000 2, 000 24, 000 2, 000 20, 000 |50
600 21, 000 1, 000 27, 000 500 12,000 |51
1, 200 36, 000 1. 000 30, 000 1, 000 30,000 |52
500 1, 800 550 2, 000 600 2,000 |53
.................................................................................................. 34
................. 200,640,150 |ooooiiiool| 224,612,214 {................| 208,879,506 |55
................. 219,755,109 {................ 203,128,859 {........ioo.. 186, 109, 599 |56
................. 6,500,000 | .......... 6,500,000 [_veveveeeeenn.. 500, 000 |57
................. 435,895 259 |.._.............| 434,241,073 |---e...oeo......] 395,480, 105 |58



16 MINERAL RESOURCES,
Mineral products of the United States for
1885. 1886.
Products. ——
Quantity. Value. Quantity. Value.
METALLIC.
1 | Pig iron, value at Philadelphia..... .long tons..| 4,044,425 ($64,712,400 | 5,683,329 (495, 195, 760
2 | Silver, coining value.............. troy ounces..| 39,910,279 | 51, 600, 000 | 39,445, 312 | 51, 000, 0C0
3 | Gold, coining valne ........c.....o.o..l. do....| 1,538,376 | 81,800,000 ) 1,881,250 | 35,000,000
4 | Copper, value at New York City...... pounds. . (170,962, 607 | 18,292,999 (161, 235, 381 | 16, 527, 651
5 | Lead, value at New York City..... short tons.. 129, 412 | 10, 469, 431 130, 629 | 12, 200, 749
6 | Zino, value at New York City ........... do--.. 40,688 | 3, 539, 856 42,641 } 3,752,408
7 | Quicksilver, value at Sau Fraucisco... flagsks.. 32,073 979, 189 29,981 | 1,080, 000
8 | Nickel, value at Philadelphia... ._._. pounds. . 277,904 179, 975 214, 992 127,157
9 | Aluminum, value au Pittsburg. _...._.__. do.... 283 2, 550 3, 000 27,000
10 | Antimony, value at San Franeisco..short tons.. 50 10, 000 35 7,000
11 | Platinum, value (crude) at San Francisco, troy 250 187 50 100
ounces.
12 Total value of metallic products. ... . ... ... . oo 181,586,587 |..ecceunnn.. 214, 897,825
NONMETALLIC (spot values).
13 | Bituminous coal. . .ccoviineaannaa... short tons..| 72,621, 548 | 82, 347, 648 | 73,707, 957 | 78, 481, 056
14 | Pennsylvaria anthracite long tons..| 34,228,548 | 76, 671, 948 | 34, 853, 077 | 76, 119, 120
15 | Building stoue. .- oo oo el 19,000,000 |...ooo...... 19, 000, 000
16 | Petroledn . ... o.ooiiiiiiiaenanaanns barrels. .| 21,847, 205 | 19,198, 243 | 28,064, 841 | 19,996, 313
17 | Natural gas. .o ceennmiiiiia i e e e e 4,857,200 |....__...._. 10, 012, 000
18 [ Brickelay - cocveriineiini i ae e e e e e 6,000,000 1..... ..__.. 6, 200, 000
19 | Clay (all except brick).....c..cconan long tons.. 36, 000 275, 000 40, 000 325, 000
00 | COMIBD b arearn e rnenroreeaesereannnnnes barrels..| 4,150,000 | 3,492 500 | 4,500,000 | 83,990,000
Py B I do....| 7,038,652 | 4,825,345 | 7,707,081 | 4,736,585
22 | Phosphaterock ...o.ooiiiiaaaaaaao, long tons.. 437,856 | 2,846, 064 430.549 | 1,872,936
23 | Limestoneforiron flux._..... ... ....._. do....| 8,456,056 | 1,678 478.| 4,717,168 | 2 830,297
24 | Mineral waters................... gallons sold..| 9,148,401 | 1,312,845 | 8,950,317 | 1,284, 070
25 | ZANC WHILe « v eoe e eeeaaaannnn short tons. . 15,000 | I, 450, 000 18,000 | 1,440,000
26 | Mineral paintd .. . ... il do .. 4,424 43,575 21,056 315,000
27 | BOTAX .« ooenscncsennzosmoosnasanaeaeas. pounds..| 8,000, 000 480,000 | 9,778,290 488, 915
T8 T IO . - cenaeemenneeenaenaraenn short tons. . 90, 405 405, 000 95, 250 428, 625
29 | Grindstones co.oueeneeneianonaaconnanieneeanacfoaaat 500,000 [........o... 250, 000
30 | Fibrous tule..........eooiivneenn short tons.. 10, 000 110, 000 12, 000 125, 000
31 | Pyrit@8.coererienieeianaanaaaancmnanan long tons.. 49, 000 220, 500 55,000 220, 000
32 ! Soapstone . ............. J short tons.. 10, 000 200, (60 12,000 225, 000
33 | Manganese OT@ e--eeececeazcoceacans long tons.. 23, 2568 190, 281 30,193 277, 636
34 | Asphaltum ... iiiiiiiiieieen short tons.. 3, 000 10, 500 3, 500 14, 000
35 | Precious 8tones. ... .ociioieiiiieii i eiaie i 209,900 |............ 119, 056
36 | Bromine.. .....c.cieiaviecemcanoaneaaas pounds.. 310, 000 89, 900 428, 334 141, 850
37 { Corundum short tons. . 600 108, 000 645 116, 190
38 | Barytes (crade) «.iieeieiiiicaiiaaian do.... 15, 000 75, 000 10, 000 50, 000
30 | Graphite - ..ol pounds.. 327, 883 26, 231 415, 525 33,242
40 | Millstomes ... ocianaen i et ee s sae e e 100,000 f........... 140, 000
4] | Oilstones, etC.. . ceeeeiieaniiaiaaa. pounds..[ 1,000,000 15,000 | 1,160,000 15, 000
42 [ Marls ... iaeaa ahort tons. . 875, 000 437, 500 800, 000 400, 000
43 I Flint. . e long tons.. 30, 000 120, 000 30, 000 120, 000
44 F]uorspar .......................... short tona.. 5, 000 22, 500 5, 000 22,000
45 | Chromic irom Ore. .. .coureaaiaaeaaes long tons.. 2,700 40, 000 2,000 30, 000
46 | Infusorial earth.. ... . .cccovaaao-. short tons.. 1, 000 5, 000 1,200 6, 000
47 | Feldspar.cceeaeeaeaacaacacmamaaaaann long tons.. 13, 600 68, 000 14, 900 74,501
A8 | MG - e et aeeae e mtmaaaaa pounds.. 92, 000 161, 000 40, 000 70, 000
49 | Ozocerite (refined)......c.oaceeeaaeeon.n. L e e I
50 | Cobalt oxide. .. .ovnriaaiieaemeanaaaan do... 68, 723 65, 373 35,000 36, 878
51 | Slate ground as a pigment.......... short tons.. 1,975 24,687 |. ool
52 | SmIPhir . iieieiaaracaaaaae i ceaaaaaas do.... 715 17, 875 2,500 75, 000
58 | Asbestos ... . iiiiiieeieiiiiiiiaaaan do.... 300 9,000 200 6, 000
54 | Rutile, .aoeoe i iiaee i, pounds. . 600 2, 000 600 2, 000
55 Total value of nonmetallic mineral prod- |............ 227,812,093 f............ 230, 088, 769
) ucts.
56 Total value of metallic producta. ... ... .. 181,586,587 |............ 214, 897,825
57 Ystimated value of mineral produots un- |._....._._.. 500,000 f..coovvann-. 800, 000
spocified.
58 Grand total....eecceceimiminniancemaeanmafamaaaiiiias 409, 398,680 |............ 445, 786, 594
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SUMMARY.

the calendar years 1850 to 1894—Continued.

17

1887. 1888. 1889.
Quantity. Value. Quantity. Valuse, Quantity. | Value.
|

6,417,148 $121, 925, 800 6,489,738 |  $107,000, 000 7,603,642 1  $120, 000, 000

41, 269, 240 53, 350, 000 45,783, (32 59, 195, 000 51,354, 851 66, 396, 088

1, 596, 500 33, 000, 000 1, 604, 927 33, 175,000 1, 590, 869 32, 886, 744

185, 227, 331 21,115, 916 231, 270, 622 83, 833, 054 231, 246, 214 26.907, 809

143, 700 13,113, 000 151, 919 13, 399, 256 156, 397 13,794, 235

50, 340 4,782, 300 55, 903 5, 500, 855 58, 860 5,991,824

33,825 1,429, 000 33, 250 1,413,125 26, 484 1,190, 500

205, 566 133,200 204, 328 127,632 252, 663 151, 598

18,000 59, 000 19, 000 65, 000 47,468 97. 335

75 15, 000 100 20,000 - 115 28, 000

448 1,838 500 2,000 500 2, 000
................. 248,025,084 | oo ivivanenans 253,731,822 |..._............] 267,247,033
87, 887, 360 98, 004, 656 102, 039, 838 101, 860, 529 95, 685, 543 94,504, 745

" 37,578,747 84, 552, 181 41, 624, 611 89, 020,483 40,714,721 65,879, 514
................. 925,000,000 [. . ....voiiian. 25,500,000 |....ovaiaiion... 42, 809, 706
28, 278, 866 18,877, 094 27,612, 025 17, 947, 620 35, 163, 513 26, 963, 340
................. 15,817,500 |ooeieioieaannnn. 22,629,875 l.vereeerrannnnn. 21, 097, 099
................. 7,000,000 ... .. .o eeooc 7,500,000 |.eeoeernnnnn..- 8, 000, 000
43, 000 1, 340, 000 36, 750 300, 000 204, 344 {a) 635, 578

6, 692, 744 5,674,377 6, 503, 295 5,021,139 7, 000, 000 5, 000, 000

7,831, 962 4,093, 846 8, 055, 881 4,374,203 8, 005, 565 4,195, 412

480, 558 1, 836, 818 448, 567 2, 018,552 550, 245 2,937, 776

5,377, 000 3, 226, 200 5, 438, 000 2,719, 000 6, 318, 000 3, 159, 000

8, 259, 609 1, 261, 463 9, 578, 648 1,679, 302 12,780, 471 1, 748, 458

18, 000 1, 440, 000 20, 000 1, 600, 000 16, 970 1, 357, 600

24, 640 330, 000 29, 680 405, 000 34, 307 488, 766

11, 000, 000 550, 000 7, 589, 000 455, 340 * 8, 000, 000 500, 000

95, 000 424, 000 110, 000 $50, 000 267, 769 764,118
................. 924,400 [veueeauraeannan. 281,800 [coceererannnns. 439, 587
15, 000 160, 000 20, 000 210, 000 23,746 244,170

52, 000 210, 000 54, 331 167, 658 93, 705 202,119

12,000 225, 000 15, 000 250, 000 12,715 231, 708

34,524 333, 844 29, 198 279, 571 24,197 240, 559

4,000 16, 000 53, 800 331, 500 51,735 171, 537
................. 163,600 loeenreeeeeeaonn. 139,850 [ceevcennncnnnnnn .. 188,807
199, 087 61, 717 307, 386 95, 200 418, 891 125, 667

600 108, 000 589 91,620 2,245 105, 565

15, 000 75, 000 20, 000 110, 000 19, 161 106, 313

416, 000 34, 000 400, 000 33,000 |vevevennnnianans 72, 662
................. 100,000 [veeuemnaeennnn. 81,000 [c.eeeeneona... 35, 155
1, 200, 000 16, 000 1,500, 000 18, 000 5, 982, 000 32, 980

600, 000 300, 000 300, 000 150, 000 139, 522 63, 956

32, 000 185, 000 30, 000 175, 000 11,113 49, 137

5, 000 20, 000 6, 000 3Y, 006 9, 500 45,835

3, 000 40, 000 1, 500 20, 000 2,000 30, 000

3,000 15,000 1, 500 7,500 3,466 23, 372

10, 200 56,100 8, 700 50, 000 6,970 39,370

70, 000 142, 250 48, 000 70,000 49, 500 50, 000
.................................. 43, 500 3,000 50, 000 2, 500
18, 340 18, 774 8,491 15, 782 13, 955 31,092

3,000 100,000 [ vennnesaaneae]eoeeeneemaennens 1,150 7, 850

150 4,500 100 3. 000 30 1, 800

1,000 3,000 1,000 3, 000 1, 000 3, 000
................. 271,041,320 |.cooiiiieanioL, 286,197,614 |.....o.ooL.L. 282, 580, 853
................. 248,925,054 |, .o o .oioo. 253,731.822 [ceveeen it 267,247, 033
................. 800,000 J.ueunrnironnnnn. 900,000 .- oenniiininn 1, 000, 000
................. 520,766,374 | vvveremnennn.. 540,829,436 |.eoieeniiiaanans 550, 827, 886

—
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a Previous to 1889 potters’ clay only.
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MINERAL: RESOURCES.

Mineral products of the United States for

Pt ek ek
NS Oo=3em Ok -

1880, 1891,
Produoets.
Quantity. Value. Quantity. Value.
METALLIC.
Pig iron, value at Philadelphia.....long tons..| 9,202,703 [$151,200,410 | 8,279, 870 ($128,337,985
Silver, coining valoe.............. troy ounces_ | 54,500,100 | 70, 464, 645 | 58, 330,000 | 75,416, 565
Gold, coining value ...................0..do....| 1,588,880 | 32,845,000 | 1,604,840 | 33,175, 000
Copper, value at New York City...... pounds. 265,115, 133 | 30, 848, 797 (295,812, 076 | 38, 455, 300
Lead, valus ot New York City..... short tons. . 143, 630 | 12, 668, 166 178, 554 | 15, 534, 198
Zine, value at New York City............ do.... 63,683 | 6,266,407 80,873 | 8,033,700
Quicksilver, valuo at San Francisco....flasks.. 22,926 | 1,203,615 22,904 | 1,036,386
Nickel, value at Philadelphia ......... pounds. . 223, 488 134, 093 118, 408 71, 099
Aluminum, value at Pittsburg........... do.... 61,281 61,281 150, 000 100, 000
b5+ [ 13 YA RN SOOI 125, 289 25, 058
Antimony. value at San Francisco..short tons.. 129 40, 756 278 47, 007
Platinum, value (erude) at San Franeisco, troy 600 2,500 100 500
ounces.
Toetal value of metallic products. ... |. oo ... ... 305,735, 670 |ceveemuaeces 3 X
S I ,1 . N e e :&é_ﬁ*& e % 333_393_
’ “NONMETALLIC (spob values). )
Bituminous ¢oal...cerecieaioecaaas short tons. .1111, 320,016 (110, 420, 801 (117,801, 237 {117,188, 400
Pennsylvania anthracite............ long tons..| 41,489,858 | 66, 383,772 | 45,236,902 | 73,944, 735
Building stone. .cveeeeeneiene i 47,000,000 |.....ccv0-.. 47, 294, 746
Petrolenm. ... ...l barrels. .| 45,822, 672 | 35, 365,105 | 54,291, 980 | 30, 526, 553
Natural gas..cceeeiiierieecriacasnomrenscioranc]aeaanaceean. 18,742,725 |- o .aveeenen 15, 500, 084
Clay (21l except potter'sclay) -.....c.coo....olliiiiia..l. 8,500,000 [seveecccncen 9, 000, 000
Petter'sclay coeeeeiveencanaianann, long tous.. 350, 000 756, 000 400, 000 900, 000
Cement . c.een ittt ciiiia e barrels..| 8 000,000 | 6,000,000 | 8,222,792 6,680,951
SALY veeeerrnrnzanneennsnnaremseccannnnnnns do....| 8,776,991 | 4,752 286 | 9,987,945 | 4,716,121
Phesphaterock .....o.oviiieiiiana.. long tons 510,499 | 3,213,795 587,988 [ 3,651,150
Limestone foriron flux................... do....| 5,621,622 | 2,760,811 | 5,000,000} 2,300,000
Mineral waters ....ceeveeereennnan. gallons sold..| 13,907,418 | 2 600,750 | 18,392, 732 | 2,996, 250
Zine Whito - oo o oo a short tons..{..oeee ... 1, 600, 000 23,700 | 1,600,000
Mineral paints ....coveveiieicieeniennians o... 47,732 681, 992 49, 652 678,478
Borax «ococii il pouunds..[ 9,500,000 617,500 | 13, 380, 000 869, 700
GYPSOM . .ovvnvemiiniiiariiiaianen, short tons.. 182, 995 574, 523 208, 126 628, 051
Grindstones ... ... o.ioiiia i fheeiell 450,000 feeeeve-ne-x- 476,113
Fibrous talc...coeeeeecrunnecnnennns short tons.. 41, 354 389,196 58, 054 493, 068
B 18 i1 - TR long tons.. 99, 854 273,745 106, 536 338, 880
S0apstone ......viiiiiiiaiiiianinnns short tons.. 13, 670 252, 309 16,514 243, 981
Manganese ore . ....coceveeenaranans long tons. . 25, 684 219, 050 23,416 239, 129
Asphaltum...oooaioniinii short tons.. 40, 841 190, 416 45, 054 242, 264
Precious stones....ov.ciieviieiriiienaiaaiineafoeaao it 118,833 | ccevunnn. .. 235, 300
Bromine.ceee-eceoceoaaoociaicciacaaaan. pounds.. 887, 847 104,719 343,000 54,880
CornnduIn. .o vveneeeenrarerennnnnnan short tons. . 1,970 89, 395 . 2,265 90, 230
Barytes (ctude) .- ceenciieaia i ciaaao. do. .. 21,911 86, 505 31, 068 118, 363
[ 1) (117 1O pounds..|............ T7,500 feaeereannann 11y, 600
DA TN 37753 (1= e R 23,720 |- 16, 587
Oilstones, 6t6....ceemvreveieeaaoacaaan- pPoBNdS..|ieeeineennn. 69,909 | 1,375,000 150, 000
ATI8 veeeii i ria e short tons.. 153, 620 69, 880 135, 000 67, 500
FUOG e ceneeenrieeren e eeammeo long tos.. 13, 000 57, 400 15, 000 60, 000
B2 11100 2) 1 1: 3 short tons.. 8, 250 55,328 10, 044 78,330
Chromic iron OT0 . -vcveveceaeennennn. long tons.. 3,509 53, 985 1,372 20, 580
Infusoripl earth.......coovenunven-- ghort tons.. 2,532 50,240 |-eeveemennnn 21, 988
Feldspar cc.vvevmmmomim e iaacaas long tons.. 8, 000 45, 200 10, 000 50, 000
MO - nmmoooee e eeee e e e eaanaaans pounds. . 60, 000 75, 000 75, 000 100, 000
Ozocerite (refined).......ccoivviviianaa.. do... 350, 000 26, 250 50, 000 7,000
CoDbalt 0XId. - - venercevarennnerreneaaannes do. ... 6,788 16, 291 7,200 18, 000
Sulphur....ccoovmmieeianianaaaaaa. shorttons.. [.cceeeviiiii]oannnenan.n 1, 200 39, 600
ABDESLOB ¢ et araca—cecreauann do.... 71 4,560 66 3,960
Rutile.-uvecoeoaciiiieieiie i pounds.. 400 1, 000 300 800
Magnesite.....cceeireeeceaacrana.. shorttons..| oo oiioifomenoaoo. 439 4,390
Total value of nonmetallic mineral prod- |............[312,770,491 |............ 321, 756, 171
ucts.
Total value of metaltic products. ... ...|ccceeeaeenns 305,735,670 |.eeuracecnn. 300, 232, 798
Estimated valuc of mineral products un- |-.-.oo-..... 1,000,000 [ceeromenan--- 1, 000, 000
specifled.
Grand tolal. . cvveeniiiireneeanenancntanan]rsccconanoen 619,508,161 |.....cvveee. 622, 988, 969




a Included in asphaltum.

SUMMARY. 19
the calendar years 1880 to 1894—Continued.
1892. 1893, 1894,
Quantity. Value. Quantity. Value. Quantity. Value.
9, 157, 000 $131,161, 039 7, 124, 502 $84, 810, 426 6,657, 388 $65, 007,247 | 1
63, 500, 000 82, 099, 150 80, 000, 000 77, 575, 757 49,501, 122 64, 000,000 | 2
1, 506, 375 33, 000, 000 1,739, 081 35, 950, 000 1,910, 816 39,500,000 | 3
353, 275, 742 37,977,142 337, 416, 848 32, 054, 601 360, 844, 218 33,141,142 | 4
173, 654 13, 892, 320 163, 982 11, 839, 590 159, 331 9,042,254 | 5
87, 260 8, 027, 920 78, 832 8, 300, 560 75,328 5,288,026 | 6
27, 993 1, 245, 689 30, 164 1,108, 527 30, 416 934,000 | 7
92, 252 50, 739 49, 309 22,197 9,616 3,269 | 8
259, 885 172, 824 339, 629 266, 903 550, 000 316,250 | 9
162, 000 39, 400 8,938 I £-1: 3 IO P 10
................. 56,468 250 45,000 200 36, 000 |11
80 550 75 517 100 800 |12
................. 307,716,239 |- oeevueeeeeaaaaa] 249,081,866 [-.o.ooloiooaoo. 218, 168,788 13
126, 856, 567 125, 124, 381 128, 385, 231 122,751, 618 118, 820, 405 107, 653, 501 | 14
48, 850, 450 82, 442, 000 48, 185, 306 85, 687, 078 48,358,144 78, 488, 063 |15
................. 48,706,625 |oeunoeenooneo .. 33,885 573 | curninnnnnss 37,092,102 |16
£0,509, 136 26, 034, 196 48, 412, 666 28,932, 326 49, 521,757 35, 800, 532 | 17 ) .
e 14,800, 714 |...... raeas cer . 214,346,250 | useancozone-o| 13,954,400 |18
__________ 9,000,000 |. .ol 9,000, 000 |- nomns o TR0, G0 TIN T T  S
420, 000 1, 000, 000 400, 000 900, 000 360, 000 800, 000 |20
8,758, 621 7,152, 750 8, 002, 467 6,262, 841 8, 362, 245 5,030,081 |21
11, 698, 890 5, 654, 915 11, 816, 772 4, 054, 668 12,967, 417 4,355,171 | 22
681,571 3, 296, 227 941, 368 4,136, 070 976, 059 3,395,988 |23
5,172, 114 3, 620, 480 3, 958, 055 2,374, 833 3, 698, 550 1, 849,275 |24
21,876, 604 4, 905, 970 23, 544, 495 4,246, 734 21, 569, 808 3,741,846 | 25
27, 500 2, 200, 000 24, 059 1,804, 420 21, 443 1,500,975 |26 /
51,704 767, 766 37,724 530, 384 41,926 498,003 |27 .
13, 500, 000 800, 000 8, 699, 000 652, 425 14, 830, 130 974,445 |28
246, 374 671, 548 253, 615 696, 615 239, 312 761,719 |29
cremeemmaanaean 272,244 |Lieiieaaenna... 338,787 |ceviineneananen 293, 214 |30
41,925 472, 485 35, 861 403, 436 39,906 435,060 |31
109, 788 305, 191 75, T17 256, 552 105, 940 363, 134 |32
23, 908 437, 449 21, 071 255, 067 23, 141 401, 325 |33
13,613 129, 586 7,718 | 66, 814 6,308 | . .. .53,635 |34-._ e et
87,880 445, 375 47,779 872,232+ -~ 60,570 | 353, 400 |35 T T
...... 312,050 fovreeeanannnn. 264,041 J..eieenr.onnnns 132,250 |36
376, 480 64, 502 348,399 104, 520 379, 444 102, 450 |37
1,711 181, 300 1,713 142,325 1,495 95,036 |38
32, 108 130, 025 28, 970 88, 506 23,335 86,983 |39
................. 104, 000 843, 103 63, 232 918, 000 64,010 |40
................. 23,417 [coceiceiinan, 16,645 |- o cceeeeenoen... 13,887 |41
................. 146,730 |eeeceneacannn... 135,173 {cccceceaaaaanns 136, 873 |42
125, 000 65, 000 75, 000 40, 000 75, 000 40,000 |43
20, 000 80, 000 29, 671 63, 792 38, 000 219, 200 | 44
12, 250 89, 000 12, 400 84, 000 7, 500 47,500 |45
1,500 25, 000 1,450 21, 470 3,680 53,231 |46
................. 431655 |veenenannn .. 92582 | ceierniann.- 11,718 |47
15, 000 75, 000 18,391 68, 037 17, 200 167,700 |48
75, 000 100, 000 66, 971 88,929 | ceviiiea e 52, 388 |49
60, 000 8, 000 (@) (a) (@) (@) 50
7,869 15, 738 8, 422 10, 346 6,763 10,145 |51
2, 688 80, 640 1,200 42, 000 500 20,000 {52
104 6,416 50 2, 500 325 4,463 |53
100 1111 DR P I 150 450 | 54
1, 004 10, 040 704 7,040 1,440 10,240 | 55
................. 339,900,715 |cccveeeaeanm.... 323,219,941 {oeeiurannnnn... 308, 486, 774 | 56
................. 807,716,230 |-cceeececaacanaa]| 249,981,868 |................] 218,168,788 | 57
................. 1,000,000 |eeeereeecneeanan 1,000,000 {ovcennnnannnn.. 1,000, 000 | 58
................. 648,616,954 |.oveveunenaenoo| 574,201,807 {oeeeeeooo.....-.| 527,658 562 |59
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THE PRODUCTION OF IRON ORES IN VARIOUS PARTS OF THE WORLD.

By JOHEN BIRKINBINE.

INTRODUCTION.

The number of political divisions of the world in which iron ore is
produced or manufactured on any considerable scale is limited, and in
some of those which have developed or used their iron ores the locations
of manufacture are scattered and the capacity of each plant is small,
no effort being made by the Government officers to collect statistics.
In some it is impossible to locate the deposits defiuitely, but it is hoped
that this monograph will result in securing much additional information
for future publications. ‘

The World’s Columbian Exposmon oﬁ'ered an opportunity, by per-m’_\m,w/
sonal inspection ‘of-exhibits’ and conferences “With' represen?at1ves~6f S
various foreign countries, for collecting data concerning the iron-ore
resources of the world, their quality, apparent quantity, distribution,
the extent to which they are or have been utilized, ete. Supplementary
correspondence with representatives of the United States Government
in foreign countries and with men noted as metallurgists in different
parts of the world has resulted in obtaining considerable additional
information, and the general result is here presented. The diverse
sources from which the information was obtained and the importance
which various countries bear to the United States as producers of iron
ore, or of pig iron, will explain the difference in treatment.-

It is expected that this monograph will excite interest in the relative
position of the countries of the world as producers of iron ore and
manufacturers of metal therefrom, and show whence ore snpplies are
now or can be drawn by conntries exhibiting an apparent deficiency
either in the quantity or quality of their native resources.

1The statistics for this report, which had been planned to cover the year 1893, were presented to
the Survey in manusecript early in the fall of 1894, but their publication was delayed, owing to new
legislation which necessitated a change of form of the report *‘Mineral Resources of the United
States.” This explanation is due to Mr. Birkinbine. The complete report for the United States for

the year 1894 is given at the close of the article.—DaAY.
: : 21
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22 MINERAL RESOURCES.

SUMMARY OF THE WORLD’S PRODUCTION.

The rank of countries as producers of iron can be approximately
determined from the following statistics, which show the amount-of this
metal obtained by smelting iron ores into pig iron. In partly eivil-
ized lands, or where the cruder processes are maintained, much of the
metal produced is in the condition of wrought iron, obtained by direct
methods, the ores being treated in open charcoal fires. The wasteful-
ness of these methods is such that a larger quantity of ore is demanded
per ton of product than where pig iron is obtained by smelting; conse-
quently, a locality producing but a small quantity of wrought iron by
these crude processes may consume in its manufacture more iron ore

- than another section whose output of pig iron is considerably greater

than the amount of bar iron made by the former locality. The con-
dition of iron manufacture and allied industries in various countries,
or in certain States and districts, and the extent to which the mines of
iron ore are wrought, cause what would be in one section of the country
an enterprise of minor importance to assume greater prominence in
another section, in the one instance a small output of ore converted
into iron and steel being industrially of more importance to this coun-
try than the production of greater quantities of raw material which are
exported to other lands.

" In the preparation of the pig-iron and iron-ore statistics, amounts for

‘the year 1893, or where these could not be obtained, the latest reliable

data are given to indicate as correctly as possible the contemporane-
ous relative importance of each country. However, as the outputs may

e o et ™ vt 7 e s

‘be infinenced by ‘doniestic causes which “do not simtlarly affect other
countries, the maximum qnantity of pig iron and iron ore produced in
any one year since the Centennial Exposition of 1876.is also given, the
interval between the Centennial and the World’s Columbian expositions
being selected as marking eras of industrial interest, especially in the
United States. The figures representing quantities are the number of
metric tons in all countries except the United States, Great Britain,

Russia,! and Canada, where the long ton of 2,240 pounds is-used. This

table will give, and the illustrations will show graphically, the position
of each country, and any special inquiry concerning one or more of the
political divisions named can be followed by consulting the data under
each of the descriptions which follow. The table does not include all
the countries from which information was obtained, but principally
those the reports concerning which show, by statistics or estimates,
the quantities of iron produced or iron ores mined.

1 Russia’s reports, which are in poods, have been converted into long tons,
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57,000,000

'

OTHER COUNTRIES 2,800,000 TONS.

SWEDEN 1,200,000 TONS.

CHINESE EMPIRE 1,500,000 TONS.

RUSSIAN EMPIRE. 1,500,000 TONS .
50,000,000

AUSTRO- HUNGARY 2,000,000 TONS.

FRANCE 3,650,000 TONS. +

SPAIN 5,350,000 TONS.

-

40,000,000

GREAT BRITAIN 11,350,000 TONS,

b

~30,000,000

[ St RS
P T i N

GERMANY AND LUXEMBURG 11,400,000 TONS.. F

-200 0 001000
:

~10,000,000

-

UNITED STATES 16,300,000 TONS. s

[

(o]

DIAGRAM SHOWINQ DISTRIBUTION OF THE WORLD'S PRODUCTION OF IRON ORE IN THE YEAR 1892.



PRODUCTION OF IRON ORES.

Production of pig iron and iron ore in various countries.

[Metric tons except where otherwisoe specified.]

23

Pig iron. Iron ore.
Countries. "ﬁ Latest # | Maximum| @ Latest 2 | Maximum
3 reported S reported Ed reported d reported
B4 | production. b+ [PrO uotion. b4 |Production,] iy production.
North America:
United States....... 1893 | @ 7,124,502 1890 | «9,202,703) 1893 |a 11, 587, 629) 1892 | & 16, 206, 666
British North Amer-
icad....ccocena--- 1893 55, 947| 1893 55, 947| 1893 124, 702] 1893 124, 702
Mexicoe..coveenn... 1893 a 10, 300| 1893 a 10,300( 1893 a 20, 500 1893 a 20, 500
(0] )37 N None.|.-.--. None.| 1893 @863, 346 1893. 363, 346
Europe:
Great Britain....... 1893 | @ 6,975,900 1882 | 48,586,680 1893 |a11, 203, 476 1882 | 418, 031, 857
Germany ........... 1893 4,986, 003 1893 4,986, 003| 1893 11, 457, 491| 1892 11, 539, 013
France ....... ...... 1893 2,032, 567; 1883 2,069, 430 1893 3,647,423 1892 3,707,000 |’
Austria- Huugary 1893 982, 707; 1893 082, 707| 1893 2,082, 583 1891 1, 853, 000
Russian Empired...| 1893 1, 159, '704; 1893 1,159, 704( 1892 1, 577,015| 1880 1,76%,3813
Belgium ...ccvvnne-s 1893 745, 264) 1889 832 220( 1893 284, 465} 1893 284, 465
Sweden - ....oounnnns 1893 453, 4213 1891 490 913| 1893 1,483, 762 1893 1, 483, 762
bpmn ......... S, 1893 260, 450] 1893 260, 450( 1893 5,497,540 1890 16, 796, 266
Ttalye......cc...... 1892 12,729| 1884 18, 405, 1893 |- 214, 487| 1880 421,065
Tarko % 2P N 4,500] ... feeeiiiiiia]ooll 25,000)- - ofveeeanannnn..
wat;zerlandg ....... 1892 5,279 1888 6,050 1892 11,700( 1888 14, 145
Norway h........... 1889 287 1879 1,400| 1889 800 1877 17, 265
Greece s ... ooaueaaaiomaann None.|...--. None.| 1893 67,670| 1892 142, 445
SAFAINIA oo m emeeenenleeenen Nono.l...... . .None {{ggg} 10,1900+ | aerrenn .
Asia:
CINAE ceeeaennn. 1892 500, 000| ... .. eeeemeeea.o| 1892 1,500,000 ... |....... ceans
Japanl...eoiconenan- 1890 22, 236( 1890 22, 236] 1890 60, 000] 1890 60, 000
Indiame . ooiennee i ]aeceanfonenmemmce]eoamcdaccaaaaaann 1892 50,000)......|.... teeamaena

aLong tons (2,240 pounds); 1,000 long tons equal 1,016 metric tons.

bThe Canadian authorities report that it is impossible to obtain oorrect statistics of the iron-ore
production except in the census years, those reported for other years being invariably below the
actual output.

¢No data are obtainable (none being collected) of the production of iron ore or of iron in the Repub-
lic of Mexico, and the figures given are the result of a close estimate made by the wrxter, who in 1893
visited the iron-ore deposits and iron industrics in Mexico. —— e

d Apparently the Russian Empire in the ycar 1892 either drew upon stocks of iron ore on hzmd or
else imported considerable ore in that year, as the iron-ore productxon (1,577,015 tons) would not, when
charged into blast furnaces, make the 1,014,252 tons of pig iron with which the Empire is credited in
that year.

e As information in regard to Italy’s iron industry between the years 1876 and 1883 could not be
sceured, and as the former year showed a production of 20,000 tons, while in the latter but 18,405 tons
were manufactured, it is probable tbat the maximum output tor the ycars under consideration
occurred in one of the intermediate years.

JS8tatistics and information in regard to Turkey’s iron industry are very meager, and those given
are estimatos made iu the year 1879.

g Of the time under consideration, viz, 1876 to 1893, statistics for Switzerland for the years 1885 to
1892 only have been secured, and these were furnished by Professor Tetmajer. It is probable, as will
be secn from the description, that the manufacture of iron was carried on more actively i in the onrlier
years than it is at present.

h Norway's iron industry has apparently died out, only one furnace being active in the year 1891,
and no later figures being obtainable. The operation of this furnace cousumed practically the cutire
iron ore output for the country as far as known.

iGrecce’s maximum production is an estimate, made up from data collected, statistics for the
entire country being available in but few years.

JjPata for but oue year, viz, 1890-81, were obtained from Sardinia.

& Cbina makes no return of iron ore mined or pig iron made, and the fignres given are estimates
made by Professor Church, who is well acquainted with the iron industry of that Empire. They are
a8 nearly correct as it was possible to make them,

IThe figures of the iron-ore preduction of Japan are based on information furnished by the Japanese
officials with the data at hand at the World’s Columbian Expoesition as to tlie amount of iron ore
required to make a ton of pig iron, the statistics of only the metat produccd being collated.

m In the native provinces of India, iron is prodnced direct from the ore in rnde furnaces, and in
some districts no atatistics other than the valuation of the product can be obtained.

P i
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MINERAL RESOURCES.

Production of pig iron and iron ore in various couniries—Continued.

[Metric tons except where otherwise specified. ]

Pig iromn. I Iron ore.
Countries. ol Latest 2 Maximuam | 2 Latest @ Maxiraum
g reported a reported g reported § reported
b4 production.| &4 |production.| t+ [production.| 1y | production.
South America: ) . ‘
Brazila..........._. 1892 5,000(.cicfieeiiiaaanns 1892 12,000]. . cuiifeeeiiiiaas
United States of Co- :
tombia b oeervnafieece i aaa Y DI 30,000 .. |.coooal.o... L
Africa: .
Algeria...oocovien]oaanns None.f...... None.| 1892 453, 000| 1881 657, 000
Oceanica: .
Australiac ......... 1892 None.|.c.oeoleessnccaaans 1893 1,061 feimn e .
New Zealand d...... 1892 350 eecnce]ennnnnacanas 1892 L P

a In Brazil there are two blast furnaces and a number of Catalan forges, the output of which has
been closely estimated by Mr. O. A, Derby, commissio geographica e geologica of Brazil, who is the

authority on this subject.

b No reliable figures as to the United Statcs of Colombia were obtained, and the estimate of iron
ore produced will of course depend largely upon the activity or inactivity of the blast furnaces.

¢ Australia at present produces no pig iron, all the iron ore mined being used in silver smelters as a
ﬁu; .New Zealand's output of pig iren and iron or¢ was merely an experiment, the amount mentioned
being produced in a few weeks in June and July. 1892, ag will be found hy referring to the detailed
dbscription.

From the above table it appears that the world’s production of pig ison
in 1893 was nearly 25,000,000 long tons, and that 52,500,000 tons of iron-
ore were produced. These figures are the total amount réported, but
additions should be made for various countries not reporting, making
the totals about 25,600,000 metrie or long tons of pig iron or its equiv-
alent, and 53,750,000 tons of iron ore,

- A gimilar estimate for the year 1892, for which there are more com-
plete returns, places the total product for the world in that year: Iron
ore, 57,000,000 long tons; pig iron, 27,000,000 long tons.

Takmg the average for the past five years, the world’s annual pro-
duetion of iron ore approximates 55,500,000 long tons, from which, in
the shape of pig iron and wrought iron obtained directly from the ore,
an annual output of probably 26,300,000 long tons of metal has been
obtained.

From the quantities which appear in the table two columns, Pls. I and
IT, have been prepared, representing by relative areas the proportions
which the iron-ore output and the pig-iron output, respectively, of dif-
ferent countries bore to the total for the world in 1892, These two col-
umns are constructed upon the same scale, the base of the column
representing the pig-iron production being one-half of that represent-
ing the iron-ore output, but an equal area on either column represents
the same number of tons. The figures for the year 1392 were taken in
preference to those for the year 1893, for the reasons that more complete
data were obtainable for the former year and that in the latter year
abnormal conditions restricted the output of some of the more promi-
nent producers.
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27,000,000

OTHER COUNTRIES 625,000 TONS.

SWEDEN 450,000 TONS.

CHINESE EMPIRE 500,000 TONS.

BELGIUM 750,000 TONS.

= 25,000,000

AUSTRO-~HUNGARY 900,000 TONS .

RUSSIAN EMPIRE 1,000,000 TONS.

FRANCE 2,000,000 TONS.

GERMANY AND LUXEMBURG 4,850,000 TONS.

- 20,000,000

GREAT BRITAIN 6,700,000 TONS,

=15,000,000

=10,000,000

UNITED STATES 9,150,000 TONS.

- 5,000,000

(o]

DIAGRAM SHOWING DISTRIBUTION OF THE WORLD'S PRODUCTION OF PIG |JRDN IN THE YEAR 1892,
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These two columns show that in the year 1892 the following approxi-
mate proportions of the world’s output of iron ore and production of
pig iron were contributed by the different countries:

Proportionate output of iron ore and pig iron by various countries in 1892.

Countries. Iron ore. Countries. Pig iron.
Per cent. Per cent,
] United States. ..eoeooonun.. 29— |} Onited States............... 34
German Empire............ 20— Great Britain............... 25—
Great Britain............... 20— || Germany .-ceevemiiianionann 18—
() 13:1) + WA 9 France ..ceceoenniaailLl, 7
Franco-....- Cmetevemeananan 6 Russian Ewmpire............ 4—
Austria-Hungary........... 3 Austria-Hungary........... 3—
Russian Empire............ 3— || Belgiom . ..ol 3—
Chinese Empire............ 3— | Chinese Empire............. 2
Swedén ..ou.cieiiciiiaiiaa, 2 Sweden..ooooeavaiaenia.. 2—
Other countries............- 5 Other counftries............. 2
Total couieuvnricnnenn. 100 R Total .vovvvenmvrannen 100

In the column Pl. I special space has not been assigned to any
country which did not produce over 1,000,000 tons of iron ore in 1892,
while in column Pl II separate space is assigned to no country produc-
ing less than one-half million tons of pigiron, except China and Sweden,
which closely approximate this figure. Comparing the two columns, the
importance of the United States, Great Britain, and Germany as iron-

ore producers and pig-iron manufacturers is evident. - This-also-shows™ ™

that Spain, though a liberal producer of ores, is a small consumer, while
Belgium, on the other hand, is a large consumer and a small producer,

Pls. I1I and IV show the relative production of iron ore and of pig
iron in the more prominent countries for two decades, 1874-1893. The
absence of reliable data prevented representing on Pl III the figures
for Austria-Hungary, which would take a place between the lines
showing the ontputs of France and Russia. Pl IV is constructed on a
vertical scale double that of PL. III, so as to show more prominently the
finctuations in pig-iron production, and also to emphasize in a more
pronounced way the similarity in contour which the lines of iron-ore
output and pig-iron production exhibit in countries depending largely
upon domestic ores.

The United States was the largest manufacturer of pig iron in 1893,
and it also has the record for maximum annual product, viz, 9,202,703
long tons, in 1890. Itsiron ores are richer, however, than those charged
into the blast furnaces of the nearest competitor, England, and there-
fore, while the United States was the greatest producer of iron ore,
Great Britain, with leaner native ores (to which large amounts of rich
foreign ores are added), charges more ore into its furnaces. In 1893 the
United States was the heaviest producer of iron ore, having 11,587,629
long tons to its credit, followed closely by Germany with 11,457,491
metric tons and by Great Britain with 11,203,476 long tons; these three
countries, which produced nearly equal quantities, thus furnishing two-
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thirds of the total amount of iron ore mined, and three-quarters of the
world’s pig iron.

Of the remaining countries contributing over 1,000,000 tons of iron
ore, Spain ranks next, with a total of 5,497,540 metric tons; followed
by France, with 3,647,423 tons; Austria-Hungary, 2,082,583 tons; Rus-
sia, 1,577,015 tons; China, 1,500,000 tons; and Sweden, 1,483,762 tons.
All of these countries practically consume the iron ore mined within
their borders, with the exeeption of Spain and Sweden. The former
produces but a comparatively small amount of pig iron, most of the
ores being exported, principally to Great Britain, France, and the
United States. Sweden’s iron-ore output will probably increase, as
within late years this country has exported a considerable amount, and .
the export trade is growing. As to the remaining prominent countries,
Algeria, Italy, Cuba, and Greece, the largest proportion is exported, no
pig iron being reported as produced in any of them, with the exception
of Italy, where there is a relatively small output.

The greatest output of iron ore for any one year is reported for Great
Britain, in 1882, viz, 18,031,957 long tons, and for six years within
the two decades past that country exceeded the maximum which the
United States reached in 1892, viz, 16,296,666 long tons. The largest
production of iron ore in Germany in 1892 was close to the amount

_... Obtained from the mines of the United States in 1893, when busmess

.....

of Spain, viz, 1890, Was but one-half the tonnage obtained in 1893 from
American mines.

An examination of the table suggests that the various countries can
be divided into three classes as producers of iron ore.

1. Those which mine sufficient iron ore to supply their own demands
but export none, or but small amounts.

2. Those which, while conisuming domestic iron ores, are obhged to
draw largely from other sourees in order to obtain sufficient raw mate-
rial of the required character for the iron manufactured.

3.-Those which, having excellent iron-ore resources, easily exploited,
utilize none, or but a small proportion, by making pig or bar iron in

" domestic blast furnaees or forges, large amounts of the ores being

exported to less favored ecountries.

Considered in this light, the United States, Russia, Austria-Hungary,
China, Japan, Brazil, and Mexico may be included in the first class.
1t is true that some foreign iron ore is imported into the United States,
but it is used only in such of her 521 blast furnaces as are on or close
to the Atlantic seaboard, and even here a considerable amount.of such
imported ore was displaced by domestic ores when the price of the lat-
ter (due in part to low freights on long hauls by lake and rail) was
reduced. Thus, during 1893, 11,587,629 long tons of iron ore were pro-
dueed in the United States, and but 526,951 long tons were imported
(some of which was not really comimercial iron ore, but intended for
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. purposes other- tham iron manufacture), the domes’mc produ(,tlon of pig

iron being 7,124,502 long tons.

. Late ﬁgures concerning Russia aré unobta,mable, but thls country
evidently produces all the iron ore which is required for its blast fur-
naces, little or-no ore being either exported of imported. In 1892, 214 -

furnaces supplied 1,014,252 metric tons of pig iron, while the. produc~

tion of Russian iron-ore mines is stated to have been 1, 577,015 metric.

tons, so that it probably drew.on some stocks of domestie ore on hand.!

Austria-Hungary also practically supplies. its furnaces with.domestic
ores, the small amount of imports and exports nearly balancing each
other, the Jlatter being somewhat larger. Owing to the failure of a

correspondent the report is incomplete and no late figures were obtained,

but the Empire produces somewhat over 2,000,000 metric tons of iron
ore, and slightly under 1,000,000 metric tons of pig iron.

China, with the exception of the two blast furnaces near Hanyang
now being erected by the Government, has no modern furnaces, all of

its output of 500,000 metric tons of iron being produced from domestic -
~ores in small direct-process furnaces or forges. Neither Japan, Brazil,

nor Mexico produces much iron, the bulk being imported, but such as is
manufactured is produced from domestic ores near at hand.
In the second class fall Great Britain, France, and Belgium.

. Great Britain in the earlier times depended almost entirely upon
native iron ores, and it was not until the introduction of the Bessemer
process, requiring iron ores of special grade, that the imports were an
important feature in the iron-ore supply. Of late years this importation
has reached large proportions, and in 1893 4,065,864 long tons, over
one-fourth. of the supply of the 716 English blast furnaces (of which
327 were active), were imported, principally from Spain, the domestic
mines supplying 11,203,476 long tons. The production of pig iron in
that year was 6,976,990 long tons.

France formerly produced nearly all of. the Aror-ore-which Was Tsed

in its blast furnacesy-but after the loss of the provinces of Alsace and
Lorraine, in 1871, both of which contained large deposits of oolitic iron
ores, the importation of ores, principally from Germany, Spain, and
Algeria, increased, until now nearly one-third of the iren-ore supply
comes from foreign sources, the figures for 1893 being 1,630,442 metric
tons, while 3,647,423 metric tons were obtained from domestic mines.
The pig-iron production in that year was 2,032,567 tons.

Belgium, like France, at one time supplied all the iron ores which it
smelted. These ores were, as a rule, low in iron, and improved blast
furnace practice displaced them by richer foreign iron ores, until in 1893
but 284,465 tons were produced from Belgium’s native mines, while
about 1,500,000 tons were imported to supply the needs of its various
blast furnaces, which in 1893 made 745,264 tons of pig iron.

!In 1893 the pig.iron production in the Russian Empire was 1,159,704 metric tons,

k" o 74
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In the third class the prineipal countries are the German Empire,
Spain, Sweden, Algeria, Cuba, Italy, and Greece.

Germany occupies a place in two classes (2 and 3), as it produces
the bulk of the iron ore which the blast furnaces of that country smelt,
and also exports a large amount (2,276,155 metric tons in 1892). This
goes principally to France and Belgium, but is offset to a large extent
by the imports of rich foreign iron ores from Spain, Sweden, etc., for
use in steel manufacture. The latter amounted in 1892 to 1,655,843
metric tons. The total output of the German blast furnaces in 1893
was 4,986,003 metric tons.

Spain has some excellent deposits of iron ore which are cheaply
wrought, but owing to the lack of suitable fuel near to the ore mines
the quantity which is smelted within its borders is small, the pig iron
produced in 1893 being but 260,450 metric tons, while the iron ore
output was reported as 5,497,540 metric tons. Of this amount, over
one-half is sent to Great Britain, the balance, outside of the home
consumption, going to Germany, I'rance, the United States, ete.

Until the opening of the magnetite deposits in the north of Sweden
in the year 1887, the exports of iron ore from that country were small,
but since that date they have steadily increased, until, in 1893, 447,931
metric tons were sent to other countries. The balance of the ore pro-
duced is smelted in blast furnaces, 153 of which were in blast in 1842.
They produeced in 1893 453,421 metric tons of pig iron, the total iron-ore
output in that year being 1,483,762 metrlc tons. Chaicoal is the only
blast-furnace fuel in Sweden

Algeria ships all the iron ore mined (453,000 metric tons in 1892) to
foreign countries, principally the United States, France, ete.

Cuba does not manufacture pig iren, and all of its iron-ore product,
which in 1893 amounted to 363,346 long tons, is sent to the United
States, citizens of the latter country owning and operatmg the deposits.

.‘Afthﬁﬁgh theTtalian Government fosters a domestic iron industry,
lack of suitable fuel has been a drawback to development;, and in 1892
but 12,729 metric tons of pig iron were made, while the iren-ore pro-
duction was 214,487 metric tons,! most of this being exported to France,
the United States, England, ete.

Greece does not, so far as known, smelt any iron ores, all of the
output being sent to Various foreign countries—the United States,
France, ete.

None of the remaining countries are as yet lmportant factors in the
production of iron ore or pig iron. Canada exports to the United
States such of its ores as it does not smelt. Switzerland uses in the
blast furnace almost its entire production of iron ores, supplementing
her native iron ores from foreign sources. Turkey, while making some
iron, exports most of the iron ore produced. Norway’s iron-ore and
pig-iron industry has practically died out, but one furnace being aective.

1191,305 metric tons in 1893,
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Sardinia mines a small amount of iron ore, but does not smelt any.
Bulgaria makes a limited quantity of iron, as do Japan, India, and the
United States of Colombia, while the iron ore produced in Anstralia
and Chile are used as flax in the smelters. ‘

Another class might be added, to include the countries known to
have iron-oré deposits of which little or no use is made, such as
Morocco, Tunis, Persia, Central and Southern Africa, Venezuela, Gua-
temala, Haiti, Servia, ete.

EQUIVALENTS OF VALUES USED,

In these reports the following equivalents of foreign weights, meas.
ures, and values have been used. These are not in every case exact,
and some vary with rates of exchange, but they are sufficiently correct
for the purpose of comparing quantities and values of iron ore, ete:

Weights.—One metrie ton equals 2,204.62 pounds, or 0.9842 long tons. One pood
equals 36.113 pounds avoirdupois. One kilogramme equals 2.2046 pounds avoirdu-
pois. Omne Mexican quintal equals 101.444 pounds avoirdupois. A

Measures.—One meter equals 3.2809 feet, or 1.09363 yards. One cubic meter, or
stere, equals 35.317 cubic feet, or 1.308 cubic yards.

Money.—One Mexican centavo equals one-half cent. One German mark equals 24

cents. One French franc equals 19.5 cents. One Indian rupee equals 25 to 26 cents.
One Italian lira or one Spanish peseta equals 19.3 cents.

THE INDUSTRY IN VARIOUS COUNTRIES.
NORTH AMERICA.
UNITED STATES.

Iron ores have been mined or are known to exist in every State or
Territory of the United States, with possibly three exceptions. In
some States which in years past maintained an iron-producing industry
upou local ores, as Maine, New Hampshire, Vermont, Rhode Island,
Delaware, South Carolina, California, Utah, and Washington, the iron-
orc deposits are not now wrought, or if any small quantities of ore
are obtained they are smelted in other States or used as a tlux in silver
smelting. In other States—I'lorida, Lonisiana, Mississippi, Arkansas,
Wyoming, New Mexico, and Montana—either known iren-orc resources
await utilization or but small quantities of ore are produced. In still
others, as New Jersey, New York, Pennsylvania, Maryland, West Vir-
ginia, and Ohio, many local ores have been displaced by richer or more
desirable ones obtained from other States or from foreign countries;
although in several, particularly New York, New Jersey, and Pennsyl-
vania, large quantities of excellent ores are still mined, Other States,
as Michigan, Wiscousin, and Minnesota, mine large amounts of iron
ore, only a small portion of which is used within their boundaries.

The importance of the iron-ore deposits of the United States is
emphasized by the fact that the domestic production in 1892 reached
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16,296,666 long tons,' twenty-two States and two Territories contrib-
uting to the total. If to this record of production from developed
deposits a Summary of the known bodies of iron ore which are not now
wrought is added, the excellent resources of the country in this min-
eral will be apparent.

The literature of American iron ores is quite extensive, including a
special volume prepared by Prof. Raphael Pumpelly for the Tenth
Census{Vol. XV); statistical monographs in Mineral Resources for
1883-84, 1886, 1887, 1889-90, 1891,1892, and 1893; the volume on Mining
Industries of the Eleventh Census; papers upon special deposits in the
Transactions of the American Institute of Mining Engineers, of the
American Philosophical Society, and of other technical associations, and
geological and commercial data in relatiou to the occurrence of this min-
eral which appear in the geological reports of various States. As the
primary purpose of this paper is to give citizens of the United States
information concerning the iron ores and the iron industry of other
countries, the data referring to the United States are introduced to mmake
the record more complete, special attention being given to the coun-
tries which compete with this country or which supply it with ores or
manufactured iron. It will not therefore be advisable to repeat the
detailed information which is found in the volumes referred to, but
rather briefly to summarize the iron-ore deposits of the country, and fo
supplement the data presented in the monograph upon the ¢Iron ores
east of the Mississippi River,” which is embodied in the repthmeral
Resources of the United Sta,tes, 1886.

Volume XV of the Tenth Census gives detailed descriptions, 1llus

trated by many plans, geological sections, and chemical analyses, cover-

ing most of the deposits which werc wrought about the year 1885, and
an account of the new discoveries or exploitations since that time
would, if treated with the same detail, require space nearly equal to
that volume. This will be illustrated by the following extract from the
volume of Mining Industries of the Eleventh Census (p. 14), showing
the rank of the various States as producers of iron ores in the census
years 1850, 1860, 1870, 1880, and 1889, to which similar data for the year
1893 have been added from the volume of Mineral Resources of the
United States, 1893.

1Mineral Resources, U. 8., 1892, p. 26.

"

Ly T T



U.S.GEQOLOGICAL SURVEY. SIXTEENTH ANNUAL REPORT, PARTIII. PL.VI.

50° 40°

10’

PERNAMBUCO

\ 100° 00° 80° 70° 60°

Lith-AHoen &Co.Ballimore.
MAP OF SOUTH AMERICA SHOWING THE OCCURRENCE OF IRON ORES.
o 200 400 600

SCALE.



% SIXTEENTH ANNUAL REPORT, PART HLPL.V.
U.S.GEOLOGICGAL SURVEY. 7 -

75° 80°
“

| / ) ‘v-& )
: Ny
25] b ® AUSTIN
- EAN @s, anronio %J
20. N
M E X\ I C C‘
LEON
., o 3 . ° . ‘
15 MEX S WPuEs
\ v‘il@s ERA CRUZ
H . ] -_!-
\I\‘\\’/ O /!" T 0/
H Q-\'?(G‘UATEMLA ./' oo QGO o <\©
_ e SURAS
4G GUATEMALA® /ﬁNDL_]f : J(\ '
' - S e T
cENTF,;«'ml;}au .:Rmowd R
= ‘\\ .| — P__——-—-——r_—— ‘r R R o

ol D s ° g TH .
| 06 S 0 5|

S & :

— I B .

» D § e R\ A )
o _2\7“ F\ ‘AI -0

[ 125° 120° 115° no° 105° 100° 95° 90° 856° 80° 75 70°

Lith-A-Hoen &Co.Baltimore.

MAP OF NORTH AMERICA SHOWING THE OCCURRENCE OF IRON ORES.
@ 190 300 8500 406 E00 800 700 80O 006

SCALE,




=
on

PRODUCTION OF IRON ORES.

‘831815 JO I0pI0 oy u sedaeyo 10790 sejeorpar (ZL1 ‘d 008) pe8l

urg uoryonpoxd ex0-uoIy orgrewop jo 310dsl oY, 8WOY 00D°000'T PTE ‘000'00S ‘000°00T ‘000°0S Jo 3udqno ue POPIsIXe PoBT 8ILdL YT T YOrgs s09e)Q esoyy dunaead ssuwi oqyy,

000°09

000°001

000°009

000°000°Y

a0y dmysep g7

“euwRIpUY €2
JHOWAO A T3

*eIeM B9 T3
~eugore)) YHION 0%
*§8X9], 61
‘oIR8t

‘uodeI() LT
JMoTI9IaU0)) 9t
*UIST0I8I AL 'GT

"ouept L7

"OIBMBIOT 9%

'ogEpY 7 ‘qey 5g
‘ODIXOTY MON F4 ‘BuroIe) YON ¥7
"RIWESATA 1800 €7 QUTETY €3
‘qBYN 23 ) "REXQ, G5
“eurore]) YHON T3 BIUIAIIA ISOM T3
w0010 0z’ “QURINOTY 07
“IoTPanuo)) 6 ‘wofea() 61
‘puridrery 81 “PUBIATE R 8T
“BUEVUOTY LT ‘anoTesuUa) L1
f}je8nyoes ey 91 *OIIOT MON 9T
*8eX0], G *S}198 MUK ST
‘Lxonquay Fr *£3pouquey Fi
01qQ 61 ‘opEIoIo) €1

“TINOSSTIY 3T

‘191000 ST

opRIoOIo) T
‘e131009 07

-KoS10( MON 6
"aassouuny, 8
‘UISTWOOST AL L

'01q0 Tt
"LNOSSII 0f

*£OSIA MON 6
*998S8OUUQ], §
“RIAIBAIA L

BB 199 FT

‘#1998 U IBISC P §T
-£qonquay gl

‘g13roen 11
“pessouuoy, 0L

“enyoIe) qInog 1z
-1ddissIssIfy 03
181001 61
*JUOULION 8T
"BUIfoTe)) YAION LT
*CWEETY 9T
*§1e8noRESey G

eruIdar 9o F1

“noreuno) g1
“e[aISIA. gl

‘WISUOOBI A T
“BuUBIpuy 01

‘puRlAIBIy ¢
wradang 8

“CTEQE[Y

"YI0K MON 9
RrUISITA ¢

‘erueAfAsumog ¥

"UISUOIST |\ ©

20U C

“BIOSQUUIY &
CWBqETY §
"weSIOTR 1

8681

THIOK MON ¥
“eruvA[ASOua g ¢

"eWeqe[y g

“weSIOIR 1
6881

“[ANOSSTIN 9
o1gQ ¢

*Q88QUUS], 6
‘LogIo MON 8

‘euerpuy 81
*e131000) LT
JUOmIOA 9T
“eursqel v ST
“sroutiyy ¥1
-QISUOOSL Y ST
“JuopoRuunon g1
eI A i1
“IIMOSEI 0T

*8)IOSOYORSSEY 6

‘gegsouUsy, 8

‘LINOSSTIY L
-£jjonguey g
"PUSTATEIY ¢

+K£o8I0( MON ¥

.M—hc‘w me-.z m
“uBIOTR

‘plueAfASUUQJ Y

0881

"HI0K MON ¥
oy g

WSO 7

‘orredarey MON 15

wutfore]) [3oN 08
“BWEQElY 61
“ueIOTIY 81

"OUIE L1
“HISU0DE] M 9T
‘w1100 gI

“wueIpUI $1

‘sroafr et
‘quomIo A ZT

*§9795NgOBSEB 1T
“juoroeunn) o1

“LINOSSIT 6
*JI0X MON 8

‘puerAB I L ‘Laszop MON L
‘£yonqusy 9 “eTaIIITA O
"wBIOLIY ¢ "Axonjuey g
-Kaso MON ¥ ‘9OSEOUTRT, ¥
‘HI0X MON ¢ ‘pueidIe €
0O % om0 @

‘1UeA JASUUOJ T

"0L81

‘glaealisuaog |

‘0981

graeafAsuuod T

09281

"$68T puPv ‘6881 ‘0881

‘OL8T ‘0981 ‘098T uz 940 uoyy fo suonposd sv symg fo yuny

“p
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In discussing domestic iron ores the deposits will be referred to by
districts, and the more prominent of these will receive attention in the
order in which they are present contributors to the supply of the coun-
try, reference to individual mines being used sparingly to indicate
special features or to emphasize late development.

LAKE SUPERIOR REGIOKN.

The iron-ore mines of the Lake Superior region, located in the north-
ern portions of the States of Michigan, Wiseounsin, and Minnesota,
contribnte a large proportion of the ore smmelted in the United States.
The percentages of. the total ore output of the country which eame from
this region were: 51 in 1889, 56 in 1890, 53 in 1891, 59 in 1892, and 57 in
1893. While the Lake Superior region is to be eredited with more than
oue-half of the total iron-ore tonnage of the country, the quality of
mineral taken from its mines is also above the average of domestic ores
mined, thus adding to the commereial importance of this region. It is
estimated that the iron ores extracted in this region during the period
1889 to 1893 made from 55 to 63 per cent of the pig iron produced in the
conntry in that period, provided all the ore mined from this district was
smelted in the year it was produced, no account of stocks of ore on
hand being taken into consideration.

The mines on the upper peninsula of Michigan have produced the
largest amonnt of iron ore, but in late years Minnesota has been advane-
ing rapidly and may compete with Michigan for preeminence. Wiseon-
sin,although contributing heavily, is far behind Michigan and Minnesota
in output. The bulk of the ores coming from the Lake Superior region
are of the red hematite variety, but a part of the ore from a number of
mines is hydrated, and ranked as brown hematite. However, but few
of the active mines can be considered as producing the latter class of
ore only. Several important mines supply magnetite in quantity, which
is found in juxtaposition with red hematite.

The distance between the mines of the Lake Superior region and the
majority of blast furnaces using their product demands that only the
richer ores be shipped; consequently, deposits furnishing high-grade
ores which could supply in addition liberal amounts of leaner red and
brown hematites, and apparently extensive veins of magnetite of inferior
grade, are unwrought, or, if they have been worked, are not now
exploited except for the better ores.

. The mines in the Lake Superior region are located from 1,200 to 1,800
feet above Lake Superior (or from 1,800 to 2,400 feet above sea level)
and are from 15 to 100 miles from the lake.

Some of the prominent mines which have been exploited in late
years are wrought ¢“open cut,” and the first development of the iron
ores of the region was by open work. Most of the mines, however, are
wrought undergronnd, the various levels extending in some instancés
from 1,000 and eveu 1,500 feet below the surface.

In no other part of the country, and probably nowhere in the world,
is iron-ore mining carried on in a more thorough manner than in the
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Lake Superior district. The hoisting and pumping machinery and the
compressor plants are generally of the most approved design. Power
drills and high explosives are utilized to break the mineral econom-
ically. - Electricity is introduced for lighting and for traction under-
ground, and air compressed by water-power machinery is conveyed
wiles to work hoists, pumps, drills, ete. . :

In mining methods this distriet is well advanced ; mine timbering and
shaft sinking have received careful attention, and the steam shovel is
employed to dig ore in the open cuts or to load it on cars from stock
piles. The ore, after being mined, is placed on stock piles or conveyed
by railroad cars from 15 to 100 miles to various ports ou Lakes Superior
and Michigan, and tbere dumped into pockets in imposing shipping
docks, fromr which vessels are quickly and cheaply loaded. These.ves-
sels carry the ore to various points on Lakes Michigan and Erie, where
expensive machinery lifts the ore from the vessels and conveys it onto
stock piles or to cars which transport it to points of consnmption even
more distant. A comparatively smali portion, yet by no means an insig-
nificant amouut, of this ore is smelted near where it is mined, or reaches
the blast furnaces using it by direet rail transportation.

The shipping appliances have been a most important feature in per-
mitting the ore from the Lake Superior region to reach distant points
of consumption. Millions of dollars have been cxpended on shipping
docks, and millions more on receiving docks and railroad terminals.
Other millions still have been devoted to building and equipping
magnificent steam vessels of large eapacity. Among these the novel
struoctares known as “whalebacks” were built to facilitate cheap trans-
portation on the Great Lakes system.

The importance of the Lake Superior region is best Illuqtra,ted in the
statement that sinee ore shipments were commenced in 1849 to the close
of 1893 a total of over 81,500,000 tons of iron ore have been taken from
the mines, the greatest annual output being in 1892, when 9,564,383
long tous were mined. Of this great total there have been won from
the mines of the State of Michigan, since 1849, 69,500,000 tons; from®
Minnesota, since 1884, 7,000,000, and from Wisconsin, since 1880, about
5,000,000 long tons. The total and maximum annual outputs of some
of the prominent mines will indicate the eapabilities of this region, the
- size of individual deposits, and the extent to which they have been
exploited.

The following table shows first a column giving the names by which
the various mines or combinations of mines are now known, several
openings which were originally separate mines having, in a number
of cases, operated jointly. The second column gives the general loea-
tion of each of the prominent mines, by placing it in- one of ‘the five
ranges which are generally recognized as comprising the TL.ake Supe-
rior region. The third coluinn shows the year in which the mines were
first opeued. In the case of the Jackson and Cleveland mines the first
shipments are claimed to have been made about 1849, but the exact

16 GeEOL, PT 3——3
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date is in doubt. In these as in other cases the mines may have been
opened in advance of shipments. The fourth column contains the total
production. This is the aggregate amount of iron cre taken from each
mine or group of mines from its first opening to the close of the year
1893, the figures being in most instances secured by correspondence
with those controlling the mines, and in other cases from the annual
reports of the Michigan Mining Bureau and from the Cleveland Iron
Trade Review. The fifth column gives the year of maximum annual
output, while the sixth gives the production in that year, the statistics
being obtained from the same sources as mentioned above. The list of
mines includes only those which have obtained prominence, either by
large annual outputs or by a heavy aggregate production for a series
of years. They are arranged aeccording to the total amount mined to
the close of the year 1893. The table does not include all of the mines
which have been wrought, nor even all which may be considered as
now on the active list, for there are a number which have not produced
large quantities of ore in any one year or in the aggregate: -

Total productwn and maximum annual output of the prmmpal Lalke Superior iron-ore niines,

Year Total pro- | Maximum x;nnn_a]
. of duction outpnt.
Names of mines. Ranges. open-| to close of |—
ing. 1893. Year.| Long tons.
Long tons.
Lake Superior ........... Marquette....| 1858 | 6,089,441 | 1892 444, 506
Cleveland Iron Mlnmgbo ceenndo ool @1B849 | 5,381,096 | 1892 374, 490
Chapin....... .| Menomninee...| 1880 | 4,777.200 | 1890 742, 844
Norrie, E., & N. Norrie. . .. Gogebic ...... 1885 | 4,551,600 | 1892 | 1,002, 963
Yenn lron Mining Co....| Menominee...! 1877 | 4,042,212 | 1893 340, 382
Minnesota Iron Co....... Vermilion ....( 1884 [ 4,013,601 | 1892 568, 771
Republic.....ooonatoln. -.| Marquette....| 1872 | 3,988.324 | 1889 287,390
Jackson..........o.... .. 3,324,522 | 1890 135, 582
Cleveland Clifis.......... 3.023,316 | 1892 358, 577
Champion. .....cceeuoo... 9 845,303 ) 1800 | 232, 084
Plttsbm'g and Lake An- 2, 636, 037 | 1893 345,323
eline.

Cﬁandler ................. 2. 255, 519 | 1892 642, 449
Colby & Tilden.......... 1.853, 964 | 1892 385, 816
Ashland 1, 735,458 | 1890 449, 708
Aurora. . 1,524, 813 | 1892 289, 986
%;zeen Mining Co . .- 1,488,641 | 1891 479, 509

inthrop & itchell ... . 1,482,022 | 1892 191, 658
Commonwealth ...... .. 1, 359, 393 | 1892 271, 585
Florence ............ 1,245,831 | 1889 218, 738
Now York (York) (b) ..... Mnrquett.e.. .| 1864 | 1,091,615 | 1870 94, 809
Lndington ..o .. Menominee.. | 1880 | "1,054, 271 | 1891 141, 303
VYolnnteer................ Marquette....] 1870 | 1,006, 347 | 1890 134, 700
Tron River.. ........... ..| Mencominee...| 1882 904, 587 | 1889 179, 238
Michigamme. ... ........ Marquette ....| 1872 885, 466 | 1890 80, 612
Dunn ... .oo.oioaill Menominee. ..| 1887 799,257 | 1891 162, 721
Humbo](]t ...... - Marquette. ...| 1865 724, 180 | 1870 79, 712
Pabst ... menmeaeno.-| (Gogebic .. ... 1885 721,910 | 1890 174, 527
Cambrla ............... Marquette....[ 1876 707,518 | 189¢ 80, 359
Newport und Bonme ..... (mge ic veunns 1889 681, 619 | 1892 174, 795
Cary and West Cary .. - do ........ 1886 518, 675 | 1891 121, 586
Brotherton........0 ... |-....do........ 1885 513, 967 | 1892 116, 723
Negauneo................ Marquette -..| 1885 478, 343 | 1843 108, 627
Aragon -..........iianl. Menommee -..] 1889 461, 708 | 1892 181, 107
Great Western........... w0 s 1882 441, 749 | 1892 108, 609
YronBelt................. Gogebw ...... 1887 412,663 | 1892 140, 535
Pewabic.ooeonoo o ooiils Menominee...} 1890 402, 084 | 1893 184, 755
Germania ...... reenme Gogebic ...... 1885 337,515 | 1889 105, 200
Section 33 (€)veueeeneenes|onn.. R 1885 253, 500 | 1890 | 136, 108
Palms. ....oomoiiaol.. i [ IO 1886 239, 906 | 1892 107, 243
Biwabik ......... .. ..., Mesabi .......| 18938 151,200 | 1893 151, 200
Messabe Mountain....... ceeeuO LLao...| 1803 125. 295 1 1893 125, 295
Mountain Iron . ..........[..... A0 . ceun-- 1892 128, 686 | 1893 119, 441
Commodore .....cv-cn.s. B R do........| 1893 85, 000 | 1893 85, 000

a There is some nncertainty as to time of first exploitation.

¢ Ore not now taken out as Section 33,

b Abandoned.
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This statement indicates that up to the close of 1893 ten of the min-
ing operations in the Lake Superior region have each contributed be-
tween 1,000,000 and 2,000,000 tons of iron ore; three, between 2,000,000
and 3,000,000; three, between 3,000,000 and 4,000,000; four, between
4,000,000 and 5,000,000; one, over 5,000,000; and one, over 6,000,000,
Twenty-one mining operations have each in one year produced between
100,000 and 200,000 long tous; five, between 200,000 and 300,000; five,
. between 300,000 and 400,060; three, between 400,000 and 500,000; one,
between 500,000 and 600,000; oue, between 600,000 and 700,000; one
exceeded 700,000; and in one year the Norrie mines took out over
1,000,000 tons.

A number of mines not mentioned in the table have supplied annu-
ally quantities of ore,or are credited with aggregates which elsewhere
would entitle them to be considered important mines, the purpose of the
table being to indicate the large number of great producers, rather than
to give a directory of iron ore mines in the Lake Superior region,of which
from eighty to ninety have been reported as active in late years.

The exploited iron-ore deposits of the upper peninsula of Michigan
are in a wedge-shaped area lying against the State of Wisconsin, and
in two instances the interstate boundary cuts the strike of the ore
bodies, or “ranges,” as they are termed. Those in Minnesota occur in
two practically parallel ranges. The general designation of ores of the
Lake Superior region localizes them in five ranges, as follows:

1. The Marquette range, located in Michigan, which was first exploited
in 1849, and up to and including 1893 had supplied 40,750,000 tons of
iron ores. Its ores are shipped principally from the ports of Marquette
on Lake Superior and Escanaba and Gladstone on Lake Michigan. A
small amount was formerly sent from L’Anse on Lake Superior and St.
Ignace on Lake Michigan.

2. The Menominee range, partly in Michigan and partly in Wiscon-
sin, opened in 1877, which had furnished a total of 18,600,000 tons to
December 31, 1893. 1Its ores are shipped from the ports of Iiscanaba
and Gladstone on Lake Michigan.

3. The Gogebic range, like the Menominee, is situated in both the
States of Wisconsin and Michigan. Tts first shipment of ore was made
in 1884, and in ten years it has produced 15,250,000 tons of ore, which
were sent to points of consumption principally from the ports of Ash-
land, Wis., on Lake Superior, and Escanaba, Mich., on Lake Michigan.

4. The Vermilion range, in the northeastern portion of Minnesota,
which first made shipments in 1884, had up to the close of 1893 pro-
duced 6,250,000 tons of iron ores, the bulk of which was forwarded
from the port of Two Harbors, Minn., on Lake Superior.

5. The Mesabi range, which was first exploited in 1892, and during
two years has mined 700,000 tons of ore, which were sent to lower lake
ports via the ports of Superior, Wis., and Two Harbors and Duluth,
Minn,, on Lake Superior. The report upon domestic iron ore production
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in 1894 demonstrates that this new development is rapidly assuming a
most important position as a source of supply.

The excellent facilities offered by shipping and receiving docks and
by ample vessel equipment cause most of the ore to be rehandled several
times, but notwithstanding the labor-saving appliances used, such rehan-
dling adds to the cost of transportation. The location of the deposits
and the climatic conditions restrict navigation on the upper lakes to
about seven months each year, and these two factors have assisted the
growth of all-rail transportation for considerable quantities of ore.

Wihile the transfer of ore to cars at the mines, from ears to pockets in
the shipping docks, from pockets to the holds of vessels, from vessels to
stock piles on receiving docks, from these piles to ears, and from cars to
furnace stock houses or stock piles, adds to the cost of the Lake Supe-
rior ore, the expense of these rehandlings has been so reduced as to
permit ores from Minnesota, Wisconsin, and Michigan to compete with
foreign ores close to the Atlantic seaboard, with a protcctive duty of
but 75 cents (now reduced to 40 cents) per long ton favoring the domes-
tic product. This rebandling is, however, of advantage in equalizing
the ore coming from a given mine, and it is probable that this thorough
admixture is responsible, at least in part, for the regularity of compo-
sition shown by many of the ores taken from the larger mines. ,

A few blast furnaces depending upon charcoal as fuel, and one plant
using coke made near the furnace from coal brought to the head of
Lake Superior by vessel from Pennsylvania, or coke carried thither
by all rail, are active in the Lake Superior region, and it seems prob-
able that the local utilization of these ores will b¢ increased as the
demands of a growing population are to be met, .

ALABAMA-TENNEKSSEE REGION.
/

Next to the Lake Superior district the most important contributor
to the iron ore output of the United States is the region embracing
central Tennessee, northern Alabama, and northwestern Georgia,
where red and brown hematites are mived in quantity, Alabama fur-
nishing the greatest qua)ntity,'fol'lowed in order by Tennessee and
Georgia. The red hematite ores are known as the ¢ Clinton fossil” ores,
and locally have designations of “ Red Mountain,” < dye-stone,” ¢“moun-
tain,” and “river” ores. They are inferior to the Lake Superior ores
In iron contents, aund are generally higher in phosphorus. Some of the
deposits near the outerops have been wrought ¢ open cnt,” but most of
the mining is underground. For a considerable distance from the sur-
face two varieties of ore, known as ¢ hard” and “soft” ore, are mined,
but as the workings gain in depth the hard ore predominates. The
percentage of silica and lime also varies greatly. The brown hematites
are excellent, and compare favorably with others of the same class
found elsewhere, making satisfactory foundry irou. The deposits are
of unusual size, and are largely wrought by open cut, steam shovels
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being used to dig the ore, which is carried to washers to be prepared
for use or shipment.

The district has an advantage in the relative position of the ores
aund the coal seams. The red hematite especially lies convenient to
coal deposits, which supply fuel for smelting the ores, while the Lake
Superior region is hundreds of miles from any available coal field.

The brown hematites are generally more distant from coal, but many
of the deposits are clogse to large timbered areas from which charcoal
is made for blast farnaces, and a number of them are within convenient
distances of good coal deposits.

Prior to the civil war small charcoal furnaces were located in this
district, local brown hematite deposits supplying ores which were of
good character and easily smelted. It was not until after the war
that tbe red hematite or Clinton fossil deposits were exploited, and
then development was rapid, owing to the cheapness with which they
could be mined and their close proximity to coking coal, particularly
in the neighborhood of Birmingham, where the veins of red hematite '
reach their greatest width.

This Clinton fossil ore, unlike the ore of the Lake Superior district,
is not rich in iron, yielding on an average from 42 to 47 per cent. The
Southern brown hematites, if properly washed, yield from 45 to 50 per
cent of iron, being often used as mixtures with red ores: The cheap-
ness with which both ore and coal can be mined has combined to build
up a large industry in late years, most of the iron produced being of
foundry grade but too high in phosphorus to be used in the Bessemer
steel process. Some carbonates and a limited quantity of magnetite
are used in this district.

The amounts of iron ore mined in the States named from 1889 to 1893
are as follows:

Production of iron ove in the Alabama—Tennessee region from 1889 to 1893.

States. 1889. l 1890. ‘ 1891. 1892. 1893.
Long tons. | Long tons. | Long tons. | Long tons. | Long tons.
Alabama......... 1,570,319 | 1,897,815 | 1,986,830 | 2,312,071 | 1,742,410
Tennessee........ 473,294 445. 695 543.923 406, 578 372, 996
Georgia .......... 248, 020 244, 088 250, 755 185,054 | « 186, 015
2,781,508 | 2,903,703 | 2,301,421

Total....... 2.291,633' 2, 607, 598

a Including North Carolina.

PENNSYLVANIA, NEW YORK, AND NEW JERSEY DISTRICT.

Pennsylvania.—While producing one-half the total pig iron made in
the United States, and rich in'all four of the different varieties of iron
ore, Pennsylvania did not farnish in 1893 more than about one-tenth of
the total ore required for the State’s blast furnaces in that year. The
iron ores, though abundant, seldom contain as much iron as is demanded
by the present advanced blast-furnace management, and the State

L s
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therefore draws largely on the Lake Superior region, New York, New
Jersey, and various forcign countries. The State may really be divided
into two, it not more, districts. West of the Alleghanies the Lake
Superior iron ores arc relied on entirely, only a small amount of native
carbonate ores being mined and smelted. In the eastern district native
red and brown hematites as well as magnetites are mined, and iron ore
broughtin from New York, New Jersey, the Lake Superior region, Cuba,
and other foreign countries is also used. In this district are situated
the Cornwall Ore Hills, which are really three hills of iron ore, com-
posed almost entirely of magnetite, of Bessemer grade, but rather low
in iron contents, averaging from 40 to 48 per cent. This deposit has
furnished iron ore for over one hundred and fifty years, the amount
taken from it in this time being estimated as over 12,500,000 tons to
the close of the year 1893, Of this amount onc-half has been taken
out within the past decade. In 1893 the Cornwall Ore Hills produced
more ore than any other single mining operation in the United States,
the output, 439,705 long tons, being small when compared with the
maximum, 769,020 long tons, in 1889,

The brown hematites are found extending in a general northeast and
southwest direction along the eastern side of the Blue Ridge and Bald
Eagle mountains and their spurs, while on the western sideof the Blue
Ridge oceur the red hematite deposits, the magnetite mines being prin-
cipally along the South Mountains.

The following table will show the amounts of these varieties of iron
ore produced in the years 1889 to 1893:

Production of different varieties of tron ore in Pennsylvania from 1889 to 1893.

1889, 1890. 1891. 1892. 1893.

Longtons.| Long tong.| Long tons.| Long tons.| Long tons.

Magnetite. . ........... 860, 916 765, 318 727,299 685, 980 480, 164
Brown hematite....... 496, 555 415, 779 363, 894 229, 700 158,376
Red hematite. ......... 162, 957 148, 745 162,683 163, 307 57, 633
Carbonate............. 39, 806 36, 780 19, 052 5, 054 i, 812

Total. ccceeeuana... l 1,560,234 | 1,561,622 | 1,272,928 | 1,084,047 | 697,985

There are in this State a number of mines, some well equipped and
containing large bodies of iron ore, which are not operated at present
on account of the low price of Lake Superior iron ore, which, as a rule,
is much richer than the native ores. These deposits may again become
active should occasion demand.

New York.—This State also produces the four difterent characters
of iron ore, the bulk of the product being magnetite from the Lake
Champlain distriet, in the northeastern portion of the State. A small
amount of the same variety is obtained in the southeastern section, the
latter also furnishing all of the brown hematite and carbonate ores,
while the red hematite is mined in the northern-central section. Ap-
proximately from one-half to two-thirds of New York’s output of iron
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ore is smelted in the blast furnaces located in various portions of the
State; the balanceof thericher magnetites, red hematites, and carbon-
ate ores is sent to Pennsylvania. A small amount of foreign iron ore
and limited quantities of Lake Superior and Massachusetts ores are
also brought into New York.

The Lake Champlain district is the most prominent producing region,
and up to the close of the year 1893 had, since its first exploitation in
1804, produced about 18,000,000 tons of iron ore. _

The following table shows the production of iron ore in New York
from the year 1889 to 1893, inclusive:

Production of iron ore in.New York from 1889 to 1893.

Years. Product. |} Years. Product.
!
Long tons, ] Long tons.
1880 e 1, 247, 537 1892, et i i 891, 099
1890........ e 1,253,898 1] 1893 ceeaoie il 534, 122
1891 e e s 1,017, 216 ]

The greater portion of the magnetite obtained in the State of New
York is rich in iron, some of it being of Bessemer grade, while ore from
neighboring openings is high in phosphorus. Itisin New York that
up to the present time the largest amount of concentrated iron ore has
been produced.

New Jersey.—The general line of magnetite deposits starting in
northern New York extends to southeastern Pennsylvania, passing
through the northwestern portion of New Jersey in a general northeast
and southwest direction. With the exception of a small amount of ore
which is a mixture of magnetite aud brown and red hematite, the
former predominating, all of the ontput of New Jersey is of the mag-
netic variety, the bulk of which is used by local blast furnaces or is
sent to Pennsylvania for smelting into pig iron.

While the iron-ore mines of New Jersey have been active for over a
century, and much of the ore is of excellent quality, the deposits are
becoming deeper and more costly to operate on narrow veins, and some
of them are practically exhausted. Itis therefore probable that unless
the leaner ores are utilized or radical changes are introduced New
Jersey’s iron-ore mines will not contribute in the future as large an
amount annually to the supply of the country as they have furnished
in past years.
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- Since the year 1889 the iron-ore production of New Jersey has becn
as follows:

Production of iron ore in New Jersey from 1889 to 1893.

Years. Prodncet. ’ Years,

| Prodnet,
(
Long tons. i Long tons.
1889, el 415, 510 1892, ol 465, 455
1890 - e e e 495,808 || 1R93..... ... .. ......... 356, 150

1891, i, 525,612 ’

New Jersey has several concentrating plants for enriching the lean
ores, one of which is the largest in the country, but the guantity pro-
duced has not been sufficient to influence the position of the State,
owing to the fact that the work has been largely experimental.

It will be noted that the relative decline of ore production has been
greater in New York and Pennsylvania than in New Jersey, bnt each
of these States shows a material decrease. Taking the three together,
the output of 1892 was 2,440,601 long tons, and in 1893 1,588,257 tons,
slightly less than one-half the product in 1889.

VIRGINIA.

Virginia practically consumes all of the iron ore which it produces,
but little ore being either brought into or sent out of the State. Three
classes of ore are produced, but the majority is of the brown hematite
variety, in which the State takes first position; in addition fo which
small amounts of red hematite and a mixture of red hematite and mag-
netite are mined. .

The producing mines are generally situated in the southwestern por-
tion of the State, extending in a general northeast and southwest
direction along the Blue Ridge.

The amounts of ore won in the last five years are as follows:

Production of iron ore in Virginia.

Yauars. Troduct, i Years. Product.
| Long tons. Long tons. |,
1889, el 498, 154 B ] 741,027
1890 ..ol 543, 588 || 1893 oo eeaieanns a6186, 965
189Lennnnnnn.. e 858, 916

aIncluding West Virginia,

OHIO AND KENTUCKY,

Ohio and Kentucky furnish carbonate ores and their derivatives, all
of which are consumed in local blast furnaces, most of the iron-mining
operations being found in the Coal Measures of the eastern and south-
eastern portions of the State. Although Ohio ranks next to Pennsyl-
" vania as a prodncer of pig iron, the domestic mines contributed but
about 3 per cent of the total iron ore smelted in the State, the balance
coming from the Lake Superior regiomn.
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The posi‘fsion of Ohio as an iron-ore producer, owing to the compara-
tively poor character of the ores,has gradually declined, as will be seen
from the following table:

Production of iron ore 'in Ohio from 1889 to 1893.

Yeurs. Produet. i Years. l Product.
Long tons. Long tens.
1889, e 254, 294 1892 ... 45, 768
1890, - ... 169, 088 1893 . e e 68, 141
1891, ... ... LIl 104,487 |
MISSOURI.

Missouri, like Ohio, has declined as an iron-ore producer, due mainly
to the practieal exhaustion of I’ilot Knob, one of the prineipal deposits.
The two largest producers in Missouri have been Iron Mountain and
Pilot Knob, but the output of the former has been greatly restricted
in late years, while the latter mines but little ore. The total produe-
tion of Iron Mountain has been about. 3,500,000 tons, and Pilot Knob
about 1,500,000 tons. With the exeeption of a small amount of brown
hematite ore obtained in the southern-central portion of the State, the
iron ores produced are all of the red hematite variety and are found in
the castern section of the State. The ore is generally of good quality,
the red hematite yielding 50 to 65 per cent of iron, averaging about 57
per cent. The State’s output fromn 1889 to 1893 has been as follows:

Production of iron ore in Missouri from 1889 to 1893.

Years. Product. Years. Product.
Long tons. Long tons.
1889............ e 265, 718 1892 e 118,404
1890, ool 181, 690 1893, i 77,863
1891............ e 106, 949

OTHER STATES.

Of the remaining States, Massachusetts and Connecticut prodnce
excellent brown hematite, the Salisbury region in the Western portion
of these States furnishing 40,752 long tons in 1893.

Maryland obtains from the vicinity of Baltimore a small amount of

-nodular carbonate ore, which is used in near-by eharcoal blast furnaces,
and also mines a limited quantity of brown hematite ore in the western,
or rather northwestern, portion of the State. The principal source of
the ore supplied to the large blast furnaces of the Maryland Steel
Company at Sparrow Point, near Baltimore, has been Cuba.

West Virginia mined a smdll amount of brown hematite ore in the
extreme northeastern section of the State, but, as in the western por-
tion of Pennsylvania, the bulk of the iron ore for West Vi 1rg1nla blast
furnaces comes from the Lake Superior region.
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North Oarolina produces a small amount, generally from 10,000 to
25,000 tons, of magnetite ore (some of which is sorted by magnetic con-
centrators), the greater portion being smelted in the one active furnace
at Cranberry, close to a large deposit of lean ore. A new furnace has
been built, but is not yet in operation,

Kentucky in 1893 won 36,714 long touns, prmmpally brown hematite,
with some carbonate and red hematite ore, nearly all of which was
used in the blast furnaces of the State with ores from I\IleOl.U‘l and
Lake Superior. .

Texas blast furnaces are supplied by local deposits, all of the brown
hematite variety, and yielding 40 to 48 per cent of iron, producing
22,620 long tons in 1893; but,in addition, in that year 3,000 tons of
magnetite were obtained, though not shipped, in the Llano distriet, in
the western section of the State. :

in the Western States the bulk of the iron ore produced in 1893 was
brown hematite and magnetite, and with the exception of the amounts
used in the blast furnaces of the Colorado Iron and Fuel Company, at
Pueblo, Colo., and of the Oregon Iron and Stcel Company, near Port-
land, Oreg., this orc was all employed as a flux in silver smelting.

In mining silver ore, principally in Colorado, a large amount of argen-
tiferous iron ore is obtained, which does not contain enough of the
precious metal to make it valunable on that account, and it is sold to
the smelters as a flux in refining gold and silver ores.

There is a number of large undeveloped deposits in New Mexico,
‘Wyoming, Utah, Montana, California, Washington, and other States,
whiel will no doubt become active when local demand for such ores
arises.

There exist at various points on the Atlantic and Pacific seaboards
deposits of magnetic iron sands, or rather layers of finely comminuted
magnetite which have by the action of the waves become partially
separated from the siliceons materials forming beach sand. These
deposits have been exploited to a limited extent by picking the mag-
netite from the 1nass by means of magnetic separators, but as there is
usually a considerable percentage of titanium in the ore sand, and as
the material must be made into briquettes for transportation and con-
venient use, but little of this ore has been employed iniron production.
Some of these sands have been taken from the shores of Long Island
Sound and Narragansett Bay, but at present the little now produced
there is used by painters, and for other purposes than the production
of iron. On the Pacific coast deposits of this sand are wrought in
northern California and Oregon for the purpose of extracting the gold
found therein, the iron ore being considered as tailings.

IMPORTS OF IRON ORE.

The importation of foreign iron ores into the United States and the
approximate relation which these have borne to the output of domestic
ores appear from the following statement. The quantities of iron ore
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wined in the United States have been reported only in the censns years
and in the years 1890, 1891, 1892, and 1893, by the division of mineral
resources of the United States Geological Survey, but estimates for
other years hhve been prepared from fthe pig-iron production, by calcu-
lating the apparent consumption of ore.

Approximate relation between imports of foreign iron ores and production of piy iron and
of domestic iron ores in the United Stales.

. Domestic | Foreign
Years. P:fﬂ:]l ‘? n ivon ore iron ogre
: produced. | imported.
Long tons. | Long tons. | Long tons.

1872 ettt anssasserase et vacaaas 2,648,713 | 5,175, 000 @ 27, 000
Nt eeeans 2,560,963 | 5,165,000 | @62, 000
1874 o i iedimmaiaaean 2,401,262 | 4,832,000 69, 000
ST S 2,023,733 | 4,047,000 | 83,000
1876 . oveoounn.. et taiae s 1,868,965 | 3,734,000 [ @26,000
D 2,066,594 | 4,133, 000 @42, 000
8 T OO 2,301,215 | 4,619,000 29, 765
1879 e e ittt eia e 2,741,853 | 5,255, 000 284, 141
1880 Lo e iieiiaa e 3.835,101 [ 57,120,362 493, 408
188) (e, PN 4,144,254 7, 506, 000 782, 887
1882 e e 4,623,323 | 8,657,000 589, 656
1883 ol e iaseceisaaeccaaann 4,595,610 | 8,600, 000 490, 875
188« . oo e e 4,097,868 | 7,627.000 | 487,820
1885 ...... f e ieerenbacacesamcmena e 4,044,526 1 7,618,000 390, 786
1886 ..o ieiiimeiiceciooooo....-l B, 683,329 | 10,105,000 | 1, 039, 433
< 6,417,148 | 11,388,000 | 1,194,301
1888 L e ieaeaciaaaaen 6, 489, 738 | 11, 941, 000 587,470
1880 |t ieaeaaaaaae 7,603, 642 b4, 518, 041 853, 6573
1800 L. e anann 9,202, 703 | 16, 036, 043 | 1, 246, 830
2 S 8,279,870 | 14,591,178 912, 864
1892 (i e eaeceeianaaa 9,157, 000 | 16, 296, 666 806, 585
1898 ¢ o e e e raaaan 7,124,502 | 11,587,629 | 526,951

a Exact statlstics of the amount of foreign iron ore imported have been colleeted only since the year
1878; .previous 1o that date only the valuc of the ore so imported was collated, and the above figures
wore prepared from thesec. While the estimates for a series of years are probably close to the actual
consumption, the aceumulation of or drafts upon stocks would increase or diminish the quantities
mined in sypecific years.

b Census figures,

BRITISH NORTH AMERICA.

Through the courtesy of Mr. A. Blue, director of the bureau of mines
of the Province of Ottawa the following table has been prepared, show-
ing the production of iron ore in the Dominion of Canada, including
British Columbia, by calendar yecars, and also the exports of iron ore
and the make of pig iron by years ending June 30. Unfortunately,
with the exception of the census years 1871 and 1881, no exact figures
can be obtained, and those for the remaining years are made up from
incomplete returns, and will probably show less than the full amount
of iron ore 1nined. _

The Dominion Government has made efforts to encourage iron-ore
mining and smnelting by offering bonunses upon the ore smelted or upon
the pig iron made, in addition fo customs dnties assessed on foreign
products. The Ontario Provincial Government is now taking similar
action.



<
44 MINERAL RESOURCES.
Production and cxports of iron ore in Canada, also pig iron made.
Ir(l)u ore Exports Pdig iron
production | (years end- fmade (years
Years. (calendar Y ing endglg
years). June 30). | June 30).
Shaort tons. | Short tons, | Short tons.
I86B . ovemeransasnmatutnsonntetacatranane] o s 25,312 | .. ...
1L DRI | T 27,848 loeeioi ...
1870 e e e % 101, 640 15,232 ... ... ...
715 PP ), S 26,825 ... iaa.
37 26,165 ... ........
BT SN DI 47,200 oo
BT 7 R J 44,278 .o ...,
BT I S B2,d4B (o ... ..
ABTG - weeeeveeeaeameemeeme e e | 14,286 (... ........
& 18, 603 T8 |eceeeea o
£ SIS 5,421 ...
18TO oo T 29, 889 3562 (0.1
PO P 30,524 |.oiusiinn-.
BT I I 44,677 [,
BT RSN O 43,835 |ooeneeins
FE: . Y 44,944 ... L.,
T S A 26, 308 29, 385
8215 7 PG 46,129 54, 867 25,769
IB86 . e ieeianaaa 69, 708 7,542 26,179
1BBT e aaan 76, 330 23, 885 39, 717
1888 . i et 78, 587 13,534 22,210
1889 it 84, 181 24, 752 24, 822
. g 76,511 13,711 24,873
14 A 68, 979 14, 648 24, 891
L2 103, 248 7,707 42 443
1893 v vt e e e e, 124,702 |.eeoeeno... 55, 947

In the annual report of the division of mineral statistics and mines of
the Geologieal Survey of Canada for 1892 there is a graphic statement
showing the production and value of iron ore by provinces from 1886

to 1892.
the year 1892 are as follows:

Production of iron ove in Canada in 1892,

Proviuces, Quantity. Value.
Tons. )
Nova Scotif .o oo it et 78,258 | $194, 581
QUebee . ..o e e e, 22. 690 62, 385
British Columbia... ... ... . .ol 2,300 6, 00
TOURL - e e w et e e et e e 103,248 | 263, 866 '

The quantity produced and the value of the same as given for

As mentioned above, there Wére 103,248 tons of iron ore produced

from all the mines of the Dominion.

Of this quantity 96,948 tons were

used in the country. This amount represents the ore fed to three fur-

naces in Nova Scotia and two in Quebec.

- furnaces and the pig irou produced in 1891 are as follows:

The ammounts fed to the

Dig iron produced in 1891 and 1892 in Canada; consumption of ore, fuel, ete.

1891. 1892.
Materials made and used. e — !
Quantity. Valne. Quantity. Value.
Pigironmade ... .oo.oaialoL tons 23, 891 $368, 901 42,443 | $637, 401
Iron ore consumed ...... DT tons.. 60, 933 130, 955 96, 948 250, 966
charcoal....... bushels. . 441, 812 22, 091 1,121, 365 78, 291
Fuel consumed { coke.......... ... tons 30, 626 98, 402 50, 882 152, 311
coal ... tons 2,170 2, 868 1, 740 1,797
Fluxconsumed ..... ... covimerenmananan. 11, 377 11, 546 22, 967 21, 867

The graphic statement of the production and vatue of iron ore by
provinces shows that in each of these years Nova Scotia was by far
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the largest producer; and a table giving the output of the Nova Scotia
mines from 1876 to 1892 indicates a nearly continuous - growth, from
15,274 tous in the former to 78,258 tons in the latter year. The maxi-
mum production of Quebec in the interval covered by the statewment
was 22,690 tons in 1892, that of Ontario was 16,894 tons in 1888, and
that of British Columbia 8,372 tons in the same year.

NOVA SCOTIA.

At the works of the Londonderry Iron Company, at Londonderry,
Nova Scotia, red and brown hematites and carbounate ores are uscd.
The Iatter are first calcined.

Mr. R. G. E. Leckie, in a description of the iron deposits of Torbrook,
says:

Skirting the northern edge of the counties and forming a portion of the south
shore of the Bay of Fundy is a range of hills called the North Mountain. This
rahge rises to a height of from 400 to 500 feet above sea level, and is of Triassic trap
formation. Cousiderable magnetic iron ore is found in this trap, occurring in
parallel veins rnpning longitudinally with the axis of elevation and varying in
thickness from 6 inches to 4 feet. Some splendid crystals of magnetite may be
obtained from this loeality. Unfortunately the iron-ore veins are filled with a large
nnmber of qunartz nodules, which make the ore practically valneless.

The South Mountain range is from 6 to 8 miles south of the North Mountain, and
runs parallel to it. According to Dawson, this latter range wus caused by an
npheaval of granite during the Upper Devonian period.

Lying between the North and South mountains is the fertile plain which consti-
tutes the Anmnapolis Valley, and down the middle of which flows the Annapolis
River. Deposits of bog ore have been found on the surface throunghout the valley,
but more especially in the eastern end of it, where it lies bet ween the South Moun-
tain and the Annapolis River. Some leases have been taken by Americans along the
south bank of the river, but as yet the deposits remain entirely undeveloped.

On the South Monntain, in the Devonian rocks, lie rich and abundant deposits of
magnetite and red hematite. At Clementsport, on the Moose River, is a magnetic
ore, which has been worked to a considerable extent. Operations were carried on
in this locality previcus to 1830. After a stoppage of over thirty years they were
again resumed. A charcoal hot-blast furnace was erected, and in the year 1862
5 tons a day were being turned out. The bed is from 7 to 9 feet in width, but the
ore is high in both phosphorus and salphur.

Thirty miles east of Moose River, at Nictaux, several large beds of magnetic ore
are exposed, east of which are the Torbrook iron deposits, very regnlar in width,
having an average thickness of 6 feet. The ore is clean, there being no slate or stone
between the walls. The strike of the iron ore beds or veins runs diagonally across
the district, the general direction being north 60° east. There are fonr known veins
of red hematite, which have been traced for the most part across the whole district,
a distance of about 5 or 6 miles.

Beginning at the north, No. 1 vein is the most important of the four, and is the
one which is being worked at the Torbrook mines. The dip is sonth, and varies from
70° to 80° from the vertical.

It is noticeable that this bed of ore is ontirely frec from shelis, while No. 2 vein,
overlying, less than 100 feet south, and several beds of the surrounding slate, are
highly fossiliferons.

No.2 vein, or the ‘‘Shell Ore” vein, was worked by open cut for many years'to
supply the old furnace at Nictaux Falls. It is intermixed to a large extent with pet-
rified marine shells, containing their natural calcareons properties. They are very
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clearly marked, leaving in the matrix a well-defined impression of the minutest

lincs, and are often found in elusters, so compact and homogeneous that oue might

imagine the whole to be formed originally from one vast bed of shells. The vein,
which is about 6 to 8 feet wide, is a red hematite giving a decided red streak,
but at the western end it has becn slightly metamorphosed by its proximity to the
igneous rock, causing it to be somewhat magnetic.

No. 3 vein, abont three-quarters of a mile south of No. 2, is the same in width
and siructure as No. 1, but it is sornewhat magnetie in characﬁer, and has a darker
streak—a reddish-brown color. This veiu is nearly vertical, but, if auything, dips
slightly north,

No. 4 vein, in all probability, lies about a quarter of a mile south of No. 3. Ithas
been opened for o distance of 2 miles east from the¢ Torbrook mine, and has the fol-
lowing dimensions: Ore, 2 feet; slate, 3 fect; ore, 1 foot.

The Torbrook mine is situated at the foot of the South Mountain, 3 miles from
Nictaux River. At the Nictaux mine, on the western side of the river, the workings
arc in a maguetic ore bed, 8 feet wide, which is high in both phosphorns and sulphur.
Leases of the available property in the Torbrook district were taken, and work was
commeneced in the fall of 1890. Active operations did not, however, really begin
until the spring of 1891, when steam-hoisting and air-drill plants were put in,

The output in the spring of 1891 was about 20 tons per day, in the spring of 1892,
abont 70 tons, and in the fall of 1892, 130 tons per day.

Analyses of iron ore from the Nictaux mine, Nova Scolia.

. No. 1. No. 2 No.3.
Per cent. Per cent. Der cent.

Protoxide of irou ............................ ! 2709 |. oo feee e iiaans
Sesquioxide of iron...... [ 49.52 | e
Oxide of manganese. .......coeececacanaoao.. B
] TG R 13. 46 10. 22 10. 28
Jime .eooi i, R T.00 [coeiei e eeenenaanan,
Alumina ......... et ateiimiemseaeisanaaan 190 | e
Magnesia ..o et 1.80 |oeeeeerni e,
I LT T Trace., |-cceveeeionc]eenanan
Phosphorus ..., .o Trace. |.cocevuoannn . 399
Metallic Irom . coveoee e arere e e eaaaaa e 55.74 59. 76 60. 7

Dr. E. Gilpin, jr., commissioner of mines, Nova Scotia, writes: ¢On
the cast branch of East River, Picton County, extensive operations
were carried on in the development of limonite iron deposits,” The ores
are compact, mammillated, and fibrous, and their quality is shown by
the following analyses:

»

dnalyses of Pictou County, Nova Scotia, iron ores.

Composition. I. II. II1T. Iv.
Per cent. | Per cent. | Per cent. | Per cent.
Iron oxides. .. .ceceeieeaenoommacmeceosscesmennnnan 88. 92 93. 00 81.19 | 48.223
Manganese oXide.......coiieiiiiiimiiiiiaaa 0.78 1.10 0.20 ] 14.41
AlMINa. oo 0.7  Jowennomea o2
Lime carbonate. ... ... i il ) -7 S (R 0. 015
Magnesiacarbonate....._.___._ ... ......_...._. 0.82 [corvvmenin]ioenuoa . Traces.
Phosphoric acid..... eeeiameaas e aeree e 0.34 [cocvennno- 0.15 |..coin.nn
Sulphur. .o e 0.24 0.04 | Traces. 0.48
3] F T TR 2.14 4.80 4.26 | 25.13
Titanic acid. - oo ocoiommriaoen i et Trace. locoeueeiifiecimoacaonannaenn.
Moisture....ooovevviieann. hiecemecresaienaaian 4.61 {.......... 13.60 1 12.53
Tota).. .ot it 100. 00 98. 94 99,40 1 100.78%
Metalliciron........coemvuannnn. Gmemaaer s 62. 24 65. 20 56.83 | 33,826
Phosphorias. oot ciaet i rieernimerimns]amsanm Nomne. [.......... 0.02

Annlyts: 1, Dr, 8. Macadam ; IT, Dr. T. E.Thorpe ; III, J. H. Huxley ; IV, E. Gilpin, jr.

ety
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NEW BRUNSWICK,

On the Millstream River, Gloucester County, New Brunswick, is a
bed of magnetic iron ore abont 25 feet thick, interstratified with a
highly altered and siliceous argilite. Developments consistof a tunnel
about 23 feet long, and a shallow shaft on the bed at the end of the
tuunel.

Bog ore exists in Kent County.

QUEBEC.

The principal, in fact the only, kinds of iron ore now mined in this

Province are magnetite and brown hematite (bog ore). The mines which
have produced or do produce the former ore are the Hull, Haycock, and
Bristol mines, within a few miles of the Ottawa River, forming the
western boundary of the province. The deposits occur in Laurentian
rocks. -
The Hull deposit, which has produced maguetic iron ore mixed with
red hematite and graphite, is located about 8 miles from Ottawa. It
was first opened in 1854. This ore was formerly used in the blast
furnace of the Canada [ron Mining and Manufacturing Compauny, and
made into pig iron at the mine; the workings have, however, been
inactive for years. The following analyses of the Hull ores are taken
from the reports of the geological survey of Canada:

Analyses of magnetite from Hull, Quebec.

Black ore. |
{Picked speeimens.) Red ore.
P e of Per cent. Per cent. Perﬁcm;t.
eroxide of irom..ovveceeniaiaa ... 6. 20
Protoxide of iron........ .. 73.80 93. 82 17.78
Oxide of manganese B .12 Trace.
Alumina ... 0o oiaeaaitn .. .61 .79 Trace.
9% 1 ) = AR PPN . 45 .16
Magnesia ......o..oi.. LLLiil.. 1.88 .94 .45
Phosphorus ... neiiii it iicie i . 027 .08 .015
Sulphur. ... ... . . 085 .11 . 28
Carbonate of e .- oo eaae 2.66
Silica ......... B 20.27 3.75 10. 44
Graphite ..o i i e arteaaa e e e Ll
B 7 73 oS .27 foeceime
Total. o i ic e e a 100, 042 b 100. 06 a 99, 285
Metallic irem.. ........ e, 53. 51 67. 94 58.78

e Analyst, Dr. T.8. Hunt. b Analyst, Prof. C. F. Chandler.

The principal mine, the Forsythe or Old Ironsides, showed o width
at the surface of 15 to 35 feet in a cut 100 feet long. The ore occurs in
limestone, associated with a hornblende-gneiss. The ore is of two
kinds, the black magnetic ore and the so-called red ore, which is a
mixture of magnetite and hematite.

The Haycock mine, about 12 miles from the city of Ottawa and 8
miles east of the Gatineau River, is now practically abandoned, but
was wrought to supply local forges, some of the ore being smelted in
the blast furnace at Hull. The ore, a red hematite containing a con-
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siderable amount of magnetite, is hard and compact. Owing to the
size and isolated location of the ore bodies, mining is stated to have
been expensive. The composition of the ore in selected samples is
given by Prof. E. J. Chapman as follows:

dnalyses of iron ove from the Haycock mine, Quebec.

No, 1, No. 2. No. 3.

. Per cent, Per cent. DPer cent.
Peoroxide of iron....... ed et ateiaenan e 88. 08 89. R0 85. 45
Protoxide of iron . F 6, 86 7,06 5. 24
Manganese oxide. .24 Trace, .15
Lime............. e .55 Trace. .41
Magnesta. ... ......... s .13 .22 . .17
Ph(mphm icacid. ...l e .16 Trace. .13
Sulphur........ooai il R, .03 Trace, .07
l‘ita.mc OXId@. ceeie i e 4.17 2.34 2.12
[67:5 317151 e meavaeaaa .35 43 .28
Insolublo. oo oo e 26 11 5.77

B3] <Y 9. 83 99, 96 99, 79
Trom. . i aaaa 66. 98 68, 34 63, 88

The Bristol mines, opened in 1872, produced a hard magnetite con-
taining considerable sulphur, rendering it necessary to erect kilus for
roasting the ore. The ore is found in two lodes, the general course of
which is north-northwest and south-southwest, known as the North
and South lodes. Most of the mining has been done on the South
‘lode. The North lode is apparently 150 feet in width, and what is
known as the South lode is about 250 feet in width. A favorable
feature of the deposit is the small amount of lean ore found, either
good ore or rock being obtained from the workings. In the catalogue
of Economic Minerals of Canada 1886 the ore is described as “occurring
in a series of beds which arc interstratified with reddish hornblendic
gneiss and glistening micaceons and hornblendic schists of the Lauren-
tian age.” Analyses of the ore show from 58.37 to 66.50 per cent of iron;
sulphur, none to 2.406; phosphorus, none to 0.008. - When roasted, the
analyses showed from 62.5 to 63.24 per cent of iren; sulphur, 0.521
to 2.221; phosphorns, none to 0.014. The roasting plant at this mine
embraces both the Taylor and Davis-Colby modifications of the West
man kiiln, supplied by gas producers.

The bOg-lI’OH ores of the Three Rivers district in central Quebec,
consisting of variable mixtures of hydrous sesquioxide of iron with
organic and earthy matter, occur in patches near the surface of the
sandy soil. These patches are from a few square feet to several acres
in extent and from 3 to 30 inches in thickness. They are always found
in or near the borders of swamps or lakes.

Lac Tortue, which well illustrates the method pursued of mining .
the bog ores, is sitnated .in the southern part of Radnor, about 1 mile
beyond the north boundary line of the seigniory of Champlain, and
2 miles from the St. Maurice River. The lake is about 3 miles long,
averages a mile in breadth, and occupies the lowest depression of a
great swamp. By removing an obstruction at the discharge the water
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was lowered some 6 or 8 feet, and the ore, which is found in the form
of concretions in the soft, greenish mud, is taken out by band from the
shallow portions of the lake along the shore (those left bare on the
lowering of the water level), while in deeper water it israised by means
of dredges. The ore thus obtained is washed in iron sieves, and is
then ready for transportation to the furnace at Radnor. It is stated
that duaring 1892 large deposits of massive ore, 2 feet and npward in
thickness, were discovered at the bottom of the lake. 1t isalso claimed
that paying quantities of ore can be obtained from areas apparently
completely exhausted some eight or ten years previously, new ore
having been deposited from the ferruginous waters. :

On the south side of the St. Lawrence River, opposite Three Rivers,
in the second, third, and fourth ranges of Gentilly, the Canada Iron
Furnace Company has discovered and is working a number of rich beds
of iron ore, which are generally found along the faces of the terraces.
At the largest bed, covering about 10 acres, work has been carried to a
depth of 4 feet without reaching the bottom; in some places the thick-
ness may be 5 or 6 feet. The ore is fine, but near the bottom becomes
heavy and massive, pickaxes being necessary to break it.

Operations have also been carried on by this company in the fourth
range of Kildare, county of Jolliette, where one patch averages 12
inches in thickness. There is a bank of bog ore here which is reported
to have been traced for 7 miles.

Mr. P. H. Griffin, in an article on *Charcoal iron from bog and lake
ores,”! gives the following analyses, No. 1 representing a large quantity
of bog ore selected from various points in the Three Rivers district for
the Radnor furnace, and No. 2 a large amount of Lac-a-la-Tortue ore,
while No. 3 is a sample from the same lake made by Professor Carlyle:

Analyses of Canadian bog and lake oves.

No. 1. No. 2. No. 3.
Per cent, Per cent. Fer cent.

Ferric oXide cooeviiieniiiciana o aenncann 60, 74 70. 04 69. 64
Terrous oxide. - ..o i ae e e .72
Mangnnicoxide ...l liiiaaaaaan. 1.18 1.78 2.99
Alumina. ... e 2.59 2.20 2.43
B 3 1 T P 3.47 I I
Magnesia ....... . Lolliiiiiiiiiiiieiien.s .93 .27 .60
Phosphoric anhydride .............. e . 69 . .76 47
Sulphuric anhydride .. ...... ..o .19 .23 .09
S5 1 T M 13,94 7.84 8.17
Loss onignition............... ... - 16. 49 16. 84 13

Total ..... e mee e aememeeaeacaanaas 100, 22 100. 28 100. 11
Metalliciron......... .. . cocriiiiamiaann. 42.52 49,03 49, 31
Phosphorus... ... ... .l vevenn . 302 .331 . 205
Sulvhnr. . o oL, e e 076 . 093 .036

Black iron sands occur in great quantitiesin the lower St. Lawrence,
and are met with in smaller amounts at various points to the south-
west along the valley of the St. Lawrence and the Great Lakes.

! Transactions American Institute of Mining Engineers, Vpl. XXI, p. 990.
i6 ¢EOL, PT 3—-4

. e
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Along the north shore of Lake Erie this sand is in some places found

in such quantities that attempts were made, more than fifty years ago,

to collect and smelt it with an admixture of bog ore, which was then

treated in a blast furnace at Normandale, Nortolk County, Ontario.
Dr. T. Sterry Hunt, in his Notes on Iron and Iron Ores, says:

L N

The great deposits of blaek iron sand on the beach near the mouth of the
Moisie River having attracted attention, various attempts to reduce it were made
in 1867. The ore was successfully treated by the bloomary process in northern New
York, and the result proving satisfactory, several bloomary furnaces at Moisie were
put into suceesstul operation.

The stratified sands at Moisie, lying abont 10 feet above high-watcer mark, penc-
trated by the roots of small shrubs, and holding marine shells, are banded by irregu-
lar dark-colored layers, in which the iron ore predominates. The same thing was.
afterwards remarked by me in the stratified sands at much higher levels iu the
vicinity. Where these sands form the beuch they are exposed to the action of the
waves, whieh effect a process of eoncenfration on a grand scale, so that, it is said,
after a prevalence of certain winds great belts of nearly pure black sand are exposed
along the shore. Treuches were snnk to a depth of 5 feet ou the shelving beach
about half way between high and low water mark. The scetions presented alterna-
tions of nearly puresiliceonssand and of black iron sand, the latter in layers of from
half an inch to 6 inches in thickness, oftcu with o small admixture of grains of red
garnet, which sometimes formed very thin coatings upon the surface of the black
layers. It was easy, from these trenches, by means of shovels, to remove without
much admixture the thicker layers of the moist blaek sand, which would measure
from 14 to 2 feet ont of the 5 feet excavated. This material was piled npon the beach,
and afterwards ecarried to the washing table. The mixed sunds of the higher Ievels
yield, on an average, by washing, about 15 per cent of black iron sand.

The washing uf the ore at Moisie, prepuratory to smelting, was done npon a shak-
ing table by aid of a geutle current of water, a large part of the lighter grains,
chicfly of quartz, being washed away. The amount of material removed in the proe-
ess of washing at Moisie is not very great, as may be scen by compariug the propor-
tion of magnetic grains in A and C, the Moisie saud before and after washing. The
latter was found by analysisto contain about 5.5 per cent of insolublé matter, chiefly
siliceous sand, the remainder being almost entirely oxide of iron and titanic acid.
Of three specimens {rom Moisie, A was an average sample of several hundred tons
gathered in the manner just described, preparatory to washing, B a portion taken
froni a layer 6 inches thick, about 3 feet helow the surface of the beach, and C the
washed ore, as prepared for the bloomary fire. In this counection are given the
results of some similar determinations with iron sands from other localities.

Analyses of Moisie and other black sand iron ores.

Specific | Magnetic
gravity. vre.
Per cent.

Moisie, A ... .. ... .. 2.82 46,3
Moisie, B..... ... ... 2. 88 49.3
Moigie. C ............_. 297 52,0
Mingan......._.... BN 2.84 48.3
Bersimis........ ...... 2. 81 %4.3 .
Natasquan ... ..o |oooil.. £5.7 !
Ragashka . ... ... .. f.coacaootn 24.0
Batiscap..... ........|..... T 55.0 ;

The specific gravity of the siliceous sand with which these iron sands are associ-
ated was found, when determined in bulk, as above, to be about 2. An inspectiou of
the iron sands from the varions other localities above mentioned shows that thev all
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contain, besides the ores of iron, a small proportion of red garnet and more or less
of fine siliceous sand. The latter of the two substances it is possible to remove
almost entirely by careful washing of the crude ore. The use of a magnet enables
us to separate the black iron-ore grains into a magnetic portion, which is nearly pure
magnetic oxide, and a nonmagnetic portion, which is chiefly titanic iron, but, in the
specimens submitted to examination, holds a portion of the siliceons matter, which
the imperfectly washed saud still retains. The two portions of the ore thus obtained
were analyzed separately, the solvent used being, in both cases, hydrochloric acid.
No. 1 is an analysis of a specimen of unwashed black sand fromn Moisie, holding 49.1
per cent of magnetic grains; No. 2, of the nonmagnetic portion of the same ore; No.
3, washed ore from Moisie, containing 52 per cent of magnetic grains; No. 4, the non-
magnetic portion of the same ore; No. 5, a determination of the iron sand of Ber-
simis, containing 34.7 per cent of magnetic grains; No. 6, of the nonmagnetic por-
tion of thesame sand; while Nos. 7 and 8 are analyses of magnetic and nonmagnetic
portions of iron sand from the mouth of the 8t. John River, at Mingan, containing
48.3 per cent of magnetic grains.

*

Analyses of Canadian iron sands.

No.1l. | No.2. [No.3.a| No.4. | No.5. | No. 6. | No.7. No. 8.
|
Percent, Percent.|Percent.| Percent.! Percent.| Percent.| Percent.| Per cent.
Protoxide of iron....... 70,10 58, 20 85. 79 56.38 ; 85.56 24. 66 80.46 | 46.31
Titanicacid............. 16. 00 30.74 4.15 28. 95 3. 40 26. 95 6.50 | 31.60
Peroxydof iron.....o..ofeamiannan coaeoiiiiiiil SR IR -2 N R
Oxide of manganese....|[......... coa.aas .40 1,10 (b) 1,10 .52 1.35
Lime ..o e iiaae e .90 .95 | Traces. 1,12 .75 1. 06
Magnesia......oooiiiii|oie oo iiiveean i e L72 .70 .50
3.85 23.80 4,20 | 15.50

Insolnble............... 5. 92 6.14 1.95 e
3

75 .
Metalliciron..coeoeeeeicloenians ot ceeean 66. 65 43.85 66. 56 34.73 62.52 | 35.98

a Mr. Broome found that the washed mixed ore contained 0.007 per cent of phosphorus and 0. 070
per cent, of sulphur.
bUnpdetermined.

Mr. J. Obalski, mining engineer for the Province of Quebec, states
that 26,540 tons of limonite or bog ore and 1,550 tons of magnetite were
mined in 1892, and 8,750 tons were exported during the calendar year
1892, but of this a portion was stock of previous years.

ONTARIO.

Hematite and maguetite ores are found in this Province, and in some
mines the two are mixed. The magnetic ores are generally associated
. with the Laurentian rocks, mostly in the viecinity of erystalline lime-
stone, although both hematite and magnetite are also found in the
Huronian rocks, : "

In Lanark County, in the eastern part of Ontario, red hematite and
magnetic iron ores oceur, but no active mining is carried on at present.
Some important mines are opened on the line of the Kingston and Pem-
broke Railway, and a large portion of the product obtained was some
years ago sent to the United States.

Near Calabogie Lake, in the township of Blithfield, some of the
magnetic ore is fine-grained and grannlar, and some is compact, while
still other portions have a banded structure. The Calabogie Iron Com-
pany formerly carried on operations here, shipping to various points
the ore obtained from the two workings which were operated.
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The following analyses are claimed to be fairly representative. No. 1
came from the opening near the. lake, while No. 2 was farther away.
The analyses were made by Mr. Emerton. '

Analyses of Calabogie Lake iron ore.

No. 1. No. 2.

Per cent.| Per cent.
Ferric oxide............... 44.59 58. 98

Ferrous oxide. -cvovnnnann. 35. 83 22. 35
Silica . vveen i 4.28 4,35
Titanic oxide. ... .. ..., .60 .40
Phosphorus................ .028 .203
Sniphur ...l .38 .10
Iron oo e 59. 05 58. 65

Twelve miles south of the Calabogie Lake mines, near Round Lake,
ore has been found, but no work was done beyond the development of
the mines. Twelve miles still farther south, in the township or Lavant,
are the Bethlehem and Caldwell mines. Magnetite was known to exist
here for years, the first development work being in 1880, and when the
presence of a large body of ore was established a portion of the land
was leased to the Bethlehem Iron Company, which carried on active
mining operations, shipping the ore to its works at Bethlehem, Pa.
The vein strikes northeast and southwest, approaching north, and dips
30° to 35° to the southeast. The walls are persistent and well-defined.
The vein varies in thickness from 2 to 31 feet, due to the rolling of the
limestone foot wall. The ore is compact crystalline, and cleavable,
mixed with a large amount of chloritic material. Its composition is
illustrated by the following analyses:

Analyses of iron ore from Beth lehem and Caldwell, Round Lake, Quebec.

No.l.a)! No.2.(h)

Per cent. | Per cent.

Iron ..oceavinnnnacanaan... 63.73 58.49
Silica .oovnen i 4. 466 9.15
Alvming. ... oo ool .28
Manganese ........... RS PR 1.79
Lime .. oo 3.32
s Magnesia.................. ceieme---.| B.66
' Phosphorus ............... o .028 § (¢).071

Sulphur..-......c....o o . 032 .12

@ Analysts, Rhodes & Co.
b Analyst, E. M. Reed.
¢ Phosphoric acid.

Ten miles farther south are the Roberts mines, where the ore occurs
in lenses, making mining rather uncertain. Operations were sns-
pended after taking out 20,000 to 25,000 tons. Two analyses showed
57.77 and 63.2 per cent of metallic iron.

The Glendower mines are 4 miles from Bedford Station, on the shore
of Thirty Island Lake. The ore is hard, compact, and cleavable.
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Associated with it in.small veins and in bunches are carbonates of the
alkaline earths. Several thousand tons of this ore were shipped to
Zauesville, Ohio. Six analyses showed the following to be the compo-
sition of the ore:

Analyses of Glendower iron ore, Bedford Station, Quebec.

Per cent.

] . . |
Tron.....o.ooo... 60.96 to 64.89
Sihica...... ... 6.26 to 10.67
Manganese............. .47 to .80
Alumina ............ L B0 to .75
Snlphur...... e T071to .42
Titanic oxide........... I'race.
Lime ... . ... .......... .0 to 1.86
Magnesia . ........oo. .98to 5.29
Yhosphorus ............ tto .02

Mr. W, Hamilton Merritt says:

From Ollta,ri(;, since 1859, abont 400,000 tons of iron ore have been shipped to the
United States up to the year 1888, and from the iron-ore deposits of eastern Ontario,
along the line of the Kingston and Pembroke Railroud, some 200,000 tons of iron ore
in all have been shipped to the United States.

A body of hematiteore is stated to exist southwest of Thunder Bay,
on the northern shore of Lake Superior, and a large deposit of limonite
is reported on an island in Lake Winnipeg.

Mr. Horace V. Winchell states that discoveries of iron ore were made
in the Atikokan Range between 1885 and 1890, and that although the
surface ore is excellent there is a deterioration in depth. The deposits
are in nearly vertical lenses. At present Mr. Winchell does not think
the Atikokan can compete with the domestic Lake Snperior ores in
the United States.

The analyses given in‘the Canadian geological report showed from
63 to 63 per cent of metallic iron, together with a complete absence of
titanium in all the specimens examined, and a sulphur content ranging,
where it is specified in the return, of from 0.052 to 0.185 per cent.

Some large blast-furnace plants are projected to utilize the iron ores
of Ontario, and one or more of these will probably be put in operation,
thus encouraging a liberal exploitation of the iron-ore deposits of this
Province.

BRITISH COLUMBIA.

Prof. George M. Dawson, of the Canadian geological survey, in a
pamphlet entitled The Mineral Wealth of British Columbia, gives a
description of her iron ores, from which the following is extracted:

Most of the ores of iron 80 far found in quantity are magnetites, which oceur in
association with the older metamorphic rocks. Clay ironstones are, however, of
frequent occurrence in the coal seams of Vanconver and Queen Charlotte islands, as
well as in the Tertiary rocks of the interior. These might, in some cases, be profit-
ably worked in conjunction with the coal seams, as they occur in the same strata,
and in sonie instances are cven associated with the coal. The nodnles varyin weight
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from a pound or less up to several tons, and at the Baynes Sourd mine a sufficient
quantity might probably be obtained for the regular supply of a blast furnace.
The ouly iron-ore deposits which have yet been worked are those of the scuthwest
side of Taxada Island, tbe largest exposures of ore oceurring about 3 miles northwest
of Gillies Bay. Here the ore mass is from 20 to 25 feet thick, and constitutes a some-
what irregular contact deposit between limestone or marble and granite, thin veins
of the ore being occasionally found reticulating the limestorie. From this point to
the northward, for nearly a mile, the ore is occasionally scen, and at one place tbeve
is a continuous exposure abont 250 feet long and from 1 to 10 feet thick, For mining
and shipment the deposit is most favorably situated. The ore is a bard, dense
magnetite, a partial analysis by Dr. B. J. Harrington showing 68.40 per cent of iron
and 0.003 per cent of phosphorus. Another analysis, by Whittield, representing a
lot of 600 tous, shows iron 65.71, phosphorus 0.013. A more detailed analysis of the
Texada Island magnetite, made by Mr. Edward .J. Chapman, shows the following
colnposition: :

Analysis of iron ore from Taxada [sland, British Colwmbia.

Yer Per

cent. cent.
Protoxide of iron.............. 28, 33 Sulphuric acid. . -.............] 4,09
Sesquioxide of iron............ 67.31 Silica aund siliceous wmatter...| 3.97
Oxide of manganese........... Trace. —_—
Titanicacid..............c.... L1 Total . ....ocoviiiiiaii.n. 99. 88
Phosploricacid........_...... .07 Metallic fron............. ... 69.12

|

As some iron ores have been imported into the United States from
Canada, and as the geographical positions of the two countries should
cnecourage intimate commercial relations, the subject has been treated
in considerable detail.

The Glen Iron Mining Company’s ground, about 12 miles east of
Kamloops, exhibits four veins from 10 to 20 feet in width, visible on
the surface at distances from 300 to 600 feet in length, near the track
of the Canadian Pacific Railway. The works are supplied with a chute
300 feet long, aud an aerial wire tramway 1,300 feet in length capable
of delivering 100 tons per ten hours on the the cars. The ore is mag-
netite, and claimed to be adapted to the manufacture of Bessemer steel.
Seven hundred and fifty tons were shipped in 1891 to the United States
" and 200 tons to the Revelstoke smelting works for fluxing operations.

Tron ore is also obtained from the Resouda mine, Strait of Georgia.

The Survey is indebted to Mr. A, R. C. Selwyn for a general revision
of the data presented and to Dr. George M. Dawson, of the Canadian
Geologieal Survey, for copies of statistical reports.

CUBA.

The iron-ore beds which are worked on the island of Cuba oceur in the
provinge of Santiago, near the southeast coast of Cuba, on the foothills
facing the south slope of the Sierra Maestra, and east of the Bay of
Santiago. The crest of the Sierra Maestra is about 8 miles from the
coast, and lias an average elevation of 4,000 feet.
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In a paper upon The Iron Ore Range of the Santiago District of
Cuba,' Prof. James P. Kimball says: :

The south slope of the Sierra Maestra, which east of the Bay of Santiago forms
the coast-range of the island of Cuba, is, for a distance of at least 30 miles, made up
of cruptive syenite, covered with a massive overflow of trap (epidotic diorite). This
has reached the surface through innumerable dikes. The trappean belt reaches a
thickness which I estimate to be nob less than 2,000 feet on the slope of the Sierra,
.and a height of some 3,500 feet. As it declines from this elevation toward the sea it
likewise thins off. Thus the upper part of the sonth slope is an enormous mantle of
diorite resting on the syenitic body and base of the range. The Juraugua Hills, so
called, are the culmination of the foothills of the Sierra, between thie bays of San-
tingo ou the west and Guantanamo on the cast. They constitute an alpine body of
hills, distinguislied from the massive body of the Sierra Maestra by their isolation
as four distinct parallel ranges, snecessively declining in elevation with the general
slope toward thesea. The summits of the tirst or npper isolated range of the Juraugua
Hills, reaching an elevation of some 2,000 feet above the sea, are mainly eroded from
the dioritic mantle down to the syenite, which first makes 1ts appearance at their
lower or southern base. 'This range, as compared with the only other iron-ore
bearing range, namely, the first, presents the more favorable conditions both for the
original development of iron-ore bodics and for their preservation. '

This trappean rock, so largely developed upon the flunk of the sierra, may be
supposed to be the present form of an originally more basic material, from which
large volumes of forric oxide have been separated by metasomatism (weathering).,
The large masses of specular ore found along the first and second ranges of foothills
can correspond only to a small proportion of the ferric oxide which, together with
other mineral matter, has been climinated by chemical forces from the original
igneous magma. The uncqual development of the iron ores of these two ranges of
foothills points to unequally favorable conditions for the s¢paration, concentration,
and preservation of the ferric oxide.

The iron-ore bodies of the alpine district east of Santiugo are exceptional, from
the fact that they are attributable to the immediate alteration of eruptive rocks,
and that resulting residues, including an imaportant vortion of their orviginal fer-
riferons contents, have been preserved almost iu situ.

As the development of the Cuban iron-ore mines has been carried
on by American capital and under American management, and as these
deposits have attracted much interest among users of iron ores, the
above technical description of the formation has been inserted.

Protessor Kimball further says:

Oue of the wost striking features in the region is the great profusion of so-called
ore float on the hillsides and in ravines. Probably more iron ore, and this gencrally
of the best description, is thus found as float than has yet been exhibited in situ in
the form of ledges or bosses. Fragments up to many tons in weight lic scattered
upon and below the outcrops, often obscuring the ledge and gradually working
downhill into the ravines, Slopes and ravines so richly strewn with blocks and
bowlders of first-class ore would, under circumstances of less difficult transportation,
becom productive sources of supply.

Instances have come to notice, as at the Lola East mine (not of the Jurauguna group),
where the erosion of the hillsides has taken place in the hest of ore. At this locality
the ore is exceptionally soft and porons, and hence yielded to erosion morve readily
than the incasing rock. Thus only the remnauts of o once fine body of ore still

Vlransactions American Institnte of Mining Engineers, Vol XTII, pp. 613-634,
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exist, and these ouly as float upon the sides and bottom of a deep ravine, which
occupies the place of the former ore body, none of which is left above drainage
level. At Sevilla what was once an elevation containing a hoss of iron ore is seen in
the last stages of dissolution, iron-ore float Leing all that is left, and this lying
directly ou the disintegrating syenite. .

Liko the occurrence at Sevilla, many of the lower syenitic foothills, in line with
the second range, in which are developed all the ore bodies known to be exteunsive,
althongh eroded of dioritic overflow, still bear upon, or just below, their surface
remnants of ore.

Oun West mine a number of ribs of iron ore come to the surface, including at least
two which physically differ from the developed ore of East and West mines. The
specular oxide of these mines is quito frec from cleavage, and in weathering assnmes
a rounded outline.

A second type of ore roferred to weathers in prismatic blocks, and possesses the
stracture of dense trappean rocks, such as abound in the forin of dikes both within
the syeuite and the altered overlying irou-bearing rocks. ILedges of this description
are uniformly rich at exposed surfaces, and so is their detritus or float.

Such deposits even under exceptional circomstances are not likely to be perma-
nent in depth, while the majority of them mast be expected to prove of a very
shallow character.

Unlike the great Archaan deposits of specular oxide, both classes of ore deposits
above described have undergone a process of concentration without going through
the intermediate stage of sedimentation. In other words, they are products in one
case of the segregation of ferric oxide, in part from intermediate sources, and in
the other of alterafion in situ of protoxide basic rocks by peroxidation of their most
unstable base, namely, ferrous oxide,

A third group of iron ore deposits, having much in common with the second class,
already described as ocearring on West mine hill, are found within the first range of
foothills next below the summit of the Sierra Maestra, and distinct from its inune-
diate sonth flank, 'Within the development of a mantle of epidotic trap oecur bodies
of ferric oxide miore or less magnetic from admixture with magnetic oxide. Such
are the bodies of La Folie tract of the Juraugna Iron Company, and of tracts not
belonging to this company, but the bulk of such of their product as can be seen
falls as a rule below the standard of even the second-class ore of the East and West
mines. '

The most favorable conditions for the development of large bodies of highly con-
egentrated specular oxide in the iron region of the Sierra Maestra are to be found
toward the edge of the oxpanse of trappean rocks, where reduced in thickness by
erosioi, near their contact with the underlying syenite.

Mr. F. F. Chisolm, in a report descriptive of the ore deposits, says:

)

At the north opening on the Union mine of the Juraugua group, a vertical face 200
feet high has been made, exposing a section across an iron band or vein, showing
some portion of the inclosing ecountry rock on both sides, this country rock being an
eruptive, probably diorite, aud showing no limestone. The structure here is very
distinct, and the cut shows a well-defined, nearly ‘vertical body of iron ore main-
taining practically the same thickncess from top to bottom, with well-defined posi-
tive planes of demarcation between the ore and the country rock.

Notwithstanding the conclusions reached by Professor Kimball, 1ib-
eral expenditures were made toward developing properties which ex-
ploitations indicated to be merely mantles of detrital ore.

The ore is mined in large open cuts, and transported by cars to docks,
from which it is loaded into vessels. The Juraugua Iron Company
delivers its ore to the harbor of Santiago, while the Sigua and Spanish-
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American companies contemplate shipping to docks erected on the
coast.

Up to the present time only two companies have exported iron ores,
viz, the Juraugna Iron Oompany and the Signa Iron Company. The
latter, which made its first shipment in 1892, is not now active and
may not assume importance as a producer. A third corporation, the
Spanish- American Company, had erected docks, built railroads, com-
menced exploitations, and was reported ready to make shipments when
the demand for ore ceased.

The following are the amounts of iron ore imported into the United

‘States from the Cuban mines in the years mentioned, this being the

only country to which ore has been sent:

Iron-ore production in Cuba.

Exports to Exports to
Yeara, the United Years. the United
States. States.

Long tons. Long tons.
1884 . evimuinaoa 21,798 1891 oo 266, 377
1885 .- 81,106 1892 . .ol 328, 956
1886 .o oo 111,710 1893 oo ie el 363, 346
1887 oo aeaaanan, 97,71) -— —
1888 . e iaens 198, 040 Total to close of I
1889 .. eeieiaiaaa 256, 278 1893 . ........:. 2,087,390
1890 - vce i iiiiianens 362, 068

If to this is added .the stock of ore on haund as reported by the
Juraugua Iron Company on December 31, 1893, together with the
amonnt lost at sea and the discrepancy of 7 tons between the railroad
and custom-house weights, the total will practically equal the entire
production, viz, 2,093,920 tons. To the importations given above the
excess stock of iron ore on hand should be added to determine the pro-
duction, but as the stock is practically a constant quantity (being from
6,000 to 6,500 tons) the production in any year is approximately repre-
sented by the exports. The above data have been supplied by the
Juraugna Iron Company (Limited) and by the Sigua Iron Company.

The following analyses of 10 cargoes of Juraugua ore (about 30,000
tons) received during 1888-93 were furnished by Mr. H. C. Babbitt,
shemist of the Wellman Iron and Steel Company:

Analyses of ten cargoes of Juraugua (Cuba) iroun ove.

Average. | Highest.| Lowest.

Per cent. | Per cent.| Per cent.

Moisture...oeecencss - R 1.35 2.49 .14

Dried at 212°;
Irom..o..o.ooaaalilll 60. 510 62,59 57.73
Siliea. ... ol..l. 9. 786 13. 85 5.06
Phosphorus - _....._____. .028 .039 .013
Sulphar...__.. S . 328 .562 .125
Manganes¢ . ....-........ . 255 . 380 .190
Alnmina ... ... ... 2.290 2.87 1,184
Lime...coo.oaoil. R 1. 610 1.88 1.37

Magnesia .....- eeaaea . 820 1.28 Trace.
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Protessor Kimball states that the ore “occurs in all forms of red
hematite, including micaceous, amorphous, granular, and subcrystal-
line varieties. The variety last named is commonly studded with
minute crystals of magnetite and martite. Variations in the color of
" drillings, from red to black, imply unequal distribution of altered hem-
atite, of the water of hydration, and of manganic oxide.”

Professor Kimball gave as the proximate chemical constitution of the
Juraugua ore district the following:

Analyses of Jurangua (Cudba) iron ores.

Per cent.
Moisture . ... .ooeoiiiaa . 0.24 to 0.81
Silica. ... o 5,00 to 10.50
Tron. ..o oo . 61.00 tou8.5
Phosphorus ..., .009 to . 065
Sulphur.......... ...l 045 to 248

Most of the Juraugua iron ores are received at the ports of Philadel-
phia and Baltimmore, as the mines are controlled by the Bethlehem Iron
Company and the Pennsylvania Steel Company, whose blast furnaces
are conveniently reached from these ports.

The Sigua ore which was shipped also came to Philadelphia, and was
distributed to a number of blast furnaces in eastern Pennsylvania.
Owing to imperfect sorting, the initial exportations of the Sigua ores
" were not up to the expectation warranted by the analyses of samples
collected previous to exploiting the property.

Messrs, Ruttle & Nye have described the Sigua iron-ore mines as
follows:

The Sigua mines are situated in the extreme easterly end of the Cuban bessemer
iron-ore range, which Iics east of Santiago de Cuba and extends in length about 22
miles, as far as examined. The ore occurs on the flanks of the foothills of the
Sierra Maestra Mountain range, and about 4 miles back from the Caribbean Sea in a
direct line. There are three large surface outcrops where erosion has exposed the
ore, which in character is a red specular, and is comnposed of bowlders heaped upon
one another in vast quantities, varying in weight from a few pounds to many tons,
and in several places outcrops of solid ore in ledges occur, which we take to be ore
in place. The ore outcrops average in width about 300 feet, the surface between
them being composed of ore-bearing ground with dikes of rock. These dikes vary
from 50 to 100 fcet in width, and we take them to De merely separations between
the lenses of ore which lie below the surface, and do not cut the ore. We sank ten
small test pits at randoin, and all of the pits yielded 1 ton of ore to 1 ton of dirt.
We made first a sample representing an average of all ore expoused on the surface,
and consider that the ore can be mined with but little sorting equal in quality
as shown in analysis 1. The sample wag taken by stretching a tapeline across
and over the outcrops, aud a small prece broken off at every foot mark. The second
sampling we endeavored to have represent the quality to which ore could be commer-
cially sorted (marked No. 2), and was taken by knocking off 300 small pieces.
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Analyses of iron ore from the Sigua mine, Cuba.

No. 1, Yo.2. t

-Per cent. | Per cent.

Irom «cvniiiiiisirecnnanan. 58. 10 64. 20
Silica . oo e 15. 50 5.10
Phosphorus ..-....-....... L 034 023
Sulphar ....._............. . 046 042 |
Alumina ... ...l .22 © .88
Lime . ...l .56 .74 |
Magnesia. .......acuao. L. .71 .91 ;
Manganese .......-.... ... .184 .28 l

Mr. E. V. d’lnvilliers gives the average analysis of fonr geuneral
samples of Signa ore as follows: :

Average composition of Sigua (Cuba) iron ore.

i Per cont.
I."'__ - - - - |
| Metallic irom . .« ccoemeanninine .. 58.40 !
| Phosphorus......co.cocooeuiioauo.o.. L0231
( SHHCA . ..o oms oo | 1860 |

With a revival in demand, it is expected that thie exportation of Cu-
- ban ore will increase, the output being conveyed to the United States.
Hence it has been considered advisable to present data concerning the
deposits more in detail than is given to those of otber conntries.

MEXICO.

In Mexico iron is produced in small blast farnaces and Catalan forges,
some of the product being made in rolling mills, and at a number of
the furnaces iron is run directly into eastings. The Catalan forges are
small and located in remote mountain ranges, the material being car-
ried to them and the produet from them on the backs of burros or
peons, and of the fifteen blast furnaces in the Republic not over ten
can be considered as at preseut in condition to operate. With but one
exception none have direet railway conuections, but in several instances
it 1s practicable to secure this by branches of a few wmiles added to lines
already constructed. Owing to the iron ore occurring in the mountain
ranges, and to the absence of wood except in these mountains, most of
the existing plants now haul their product by mule team for long dis-

-tances over difficult roads before reaching railway communication.

But little domestic pig iron is prodnced for sale, most of it being
made into castings or rolled into ordinary merchant sizes of bar iron at
or near the blast furnaces; bnt large amounts of iron (either as pig or
in the manufactured state) and of steei pay duty upon entering Mexico,
while all of the railroads have concessions, extending over a greater or

. less number of years, admitting free of duty manufactures of iron and
steel required for their construction, maintenance, and operation. These
concessions embrace not only the rails, spikes, plates, bridges, etc., used
in construction, but also the locomotives and cars required for the
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equipment of the road, as well as the material, either in crude or man-
ufactured form, employed in the repair or construction shops. Some of
the concessions have bnt a short time to run, bnt unless the domestic
manufacture of iron is advanced in quantity and decreased in cost it is
doubtful whether they will cease at the present limit,

The Republic of Mexico demands just sueh manufactures of iron and
steel as are required elsewhere, but for the present the possibilities of
producing steel rails and other products which can be made econom-
ically only at works of large capacity, requiiing heavy capitalization,
need not be considered. The present requirements of the Republic are
more in the line of ordinary castings for machinery, for buildings, and
for domestic use—chilled plows, chilled car wheels, agricultural imple-
ments, water pipes, etc.—while wrought-iron nails, spikes, merchant bar,
car pins and links, shapes and angle irons, hoop irons, and possibly plate
or sheet iron would be in immediate demand.

At present the duties collected may be illustrated by that on pigiron,
1 centavo per kilogramme, and that on castings of bar iron, 5 centavos
per kilogramme, equivalent, respectively, to $10 and 850 per metric ton.

Mexico has abnndant deposits of iron ores, the most renowned being
the Cerro de Mercado, or Iron Mounntain, near Durango. Just beyond
the limits of the city, and less than 2 miles from its center, the Cerro
de Mercado rises from the great plateau, a hill nearly a mile long, a
third of a mile wide, and from 400 to 600 feet in height. The surface of
the mountain exposing ore, so as to be classified as good mining lands,
aggregates over 10,000,000 square feet; but there are indications that
the deposit is not all above ground, but extends beneath the plain
from which its top projects.

The Cerro de Mercado is apparently formed of one or more immense
veins or lenses of specular and martite iron ore, standing nearly verti-
cal, the fragments of which have, by the action of the elements for ages,
been thrown down from the slopes of the mountain as a talus.

An analysis of the average of samples personally collected by the
writer from about 7,000,000 square feet of the surfaee of the hill showed
the following composition :

Analysis of iron ore from: the Cerro de Mercado, Mexico.

Per cent.
Metalliciron ......ocoooiiaiiiiia.s 62.775
Phosphorus cooeun oo .288
Siliceous matter, including a little
titanie acid_ .- ... ..o .. ii.las 5, 240
Phosphorus in 100 parts of iron...... .458

Enormous gquantities of ore yielding in the blast furnace over 60
per cent of irou, with phosphorus ranging from 0.05 to 1 per cent, can
* be obtained. Therecord of the last blast of the charcoal furnace close
to the Cerro de Mercado showed that the iron ore obtained yielded over
66 per cent in the furnace.
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Mzr. T. F. Witherbee has given 18 analyses of this ore, which showed
from 63.10 to 68.40 per cent of iron; phosphorus, 0.029 to 1.03; silica,
0.22 to 6.97. ' '

The deposit of iron ore at Durango is truly remarkable, and, judged
by reliable data published, no other deposit has yet been definitely
described and critically examined which excels the Cerro de Mercado
at Durango in the apparent quantity of rich ore existing in an indi-
vidual deposit. ' : |

The compiler of these reports, speaking from personal inspection of
many large deposits, and after examining numerous reports and state-
ments concerning ‘ mountains of iron ore,” is free to assert that he
knows of no deposit of iron orc where so great a quantity is visible as
at the Cerro de Mercado. A period of eleven years intervened between
his two visits to this unique deposit, viz, 1852 to 1893, sufficient time to
eliminate any false impressions of magnitude which his early inspec-
tion, when he spent ten days on the mountain and in its vicinity, might
have produced. When revisited in 1893 ore was being dug on the plain
outside of the mountain boundaries for shipment as flux in silver
smelters. This may be part of a great mantle of detrital ore, and its
comminuted state would indicate this; or it may be merely the weath-
ered surface of a more compact body of ore. In a deposit of such
magnitude it is not surprising to find considerable-variation-in thecom-
position of the ore. As a mass the ore of Cerro de Mercado is not of
Bessemer grade, but in some portions ore well within the limit for phos-
phorus is obtained, although they may not be sufficiently regnlar for
dependence; in others the ore abounds in apatite erystals, which, how-
ever, readily separate from the mass, and as there are all intermediate
compositions, a supply of ore suitable for most purposes can be selected.

In the State of Coahuila iron ores of apparently satisfactory char-
acter exist in sufficient quantity for development within less than 100
miles of the present exploited coal fields and active coke ovens. It
is probable that the extent of the coal field and also that of the iron
deposits, when definitely determined, may bring these two raw mate-
rials still closcr together. The coke now made from the coal obtained
in this district is not a superior metallurgical fuel, but it is possible
that it may be improved in quality at some additional cost of mann-
facture.

The prospectus of a mining company in the district of Coalcoman,

State of Michoacan, presents in favorable terms the possibilities of -
manufacturing iron on the Pacific Coast from iron ores claiming to exist
in great quantity, and of a composition which is certainly very satis-
factory, using charcoal as a fuel. '

Some of the known deposits of iron ores now unwrought are as fol-
lows: In the State of Puebla, district of Matamoras, and at Acatlan, in
the form of magnetite and hematite, and brown hematite at Zacatlan.

In the State of Morelos, near Xonactepec, there are several varieties

e
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of apparently good ore. An excellent specular ore and some brown
hematite are also found near Tepuxtepec and some magnetite near
Buena Vista, both in the State of Guerrero. Red hematite and mag-
netite and brown hematite are all found in the State of Zacatecas, and
excellent ores are claimed to abound in the States of Oaxaca, Jalisco,
Hidalgo, and in fact in almost all of the States of Mexico. These
deposits are either remote from railroad connection, or, if more con-
venient, a supply of fuel can not be readily obtained, or they are in
some of the depressed valleys, where the climatic conditions interfere
with cheap labor.

Iron ores are at present mined to supply iron works at Durango, in
the State of Durango; at Zacualtipan, Encarnacion, and Apulco, in
the State of Hidalgo; near Toluca, in the State of Mexico; at Tula,
in the State of Jalisco; at the Comanja works (now idle) near Leon, in
the State of Guanajuato; near Tulancingo, in the State of Hidalgo,
and near Jojutla, in the State of Morelos. Most of the ores which are
or have been smelted are of the brown hematite variety; those at
Encarnacion are magnetites, and those at Durango red hematite. With
the exception of au experimental campaign at Durango, when a mix-
ture of charcoal and coke was employed, charcoal has been the only
fuel utilized for smelting the ores.

~~ The-depesit-at -Finearnacion .is of unusual extent, and large masses

of the ore are ‘lode stone,” giving rise to the tradition that the deposit

. originated from the fall of an immense meteorite. The same theory

was in Humboldt’s time asserted as accounting for the enormons deposit
at Durango, and was possibly suggested by the large masses of meteoric
iron found iu several of the Mexican States.

A careful estimate shows that 10,300 tons of pig iron were produced
and 20,500 tons of irou ore mined in Mexico in the year 1893,

HONDURAS AND GUATEMALA.

Mr, R. Pacheco states that no irou ore has ever been mined in these
countries, but a large deposit of magnetite is reported in Honduras,
near the east coast, which formed one of the speculative features of the
Honduras Interoceanic Railroad concession.

HAITI.

At the Columbian Exposition samples of magnetic iron ore from the
northern and southwestern portions of Haiti were exhibited; also
chromic iron ore from the island of Vaches, off the southern coast.
Iron ore is also reported to exist near Port anu Prince.

The Haitian commissioners rcported that no iron of any kind is pro-
duced, nor is the ore used commercially.
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SOUTH AMERICA.
COL.OMBI1A,

Iron ores are found in various sections of this country, as in Cuni-
dimarca, Antioquia, and in the region of the Cerro de San Cristobal,
but it is reported that none is mined except to supply the Praderas
Iron Works, situated on the plain about 40 miles east of Bogota, which,
it is stated, produced 70 tons of pig iron per day for conversion into
all kinds of hardware. Probably some 30,000 tons of iron ore are pro-
duced per annum. There is also an iron works at Pacho, about 45
miles northwest of Bogota, which was founded about fifty years ago,
but owing to the superior facilities of the Praderas Iron Works, which
has been in operation only about twelve years, the former has becu
closed.

Col. Thomas B. Nichols gives the following interesting description of
the works at Samaca, in the State of Boyaca, which are no longer in
operatioh, but which will serve as an illustration of several other similar

attempts made without proper investigation to develop industries “in

sections of various countries which, by superficial examination, secmed
to offer eucouragement to mvestors:

Thirty-five years ago & blast furnace, a reverberatory furnace, and a puddling fur-
nace were bhuilt near what were believed to be rich deposits of iron and coal. 'That
project did not succeed in produciug iron in satisfactory or paying quantity or
qnality, and after spending almost $50,000, the projectors gave up, and the property

and enterprise passiug into other hands, a company was then formed for the purpose

of carrying it on.
In 1878 a contract was wade with two citizens of New Jersey to go to Samaea
and there erect a rolling mill with a capacity of 2,000 tons of finished iron a year,

including rails of from 15 to 30 pounds to the yard, fiats varying in width from 2 to

8 iuches and from one-tenth to 3 inches in thickness; angnlar and T bars; round, flat,
and square bars; iron for either rigid or suspeusion bridges; for roofs and buildings;
chunnel ironj; malleable-iron beams, columns, aud armatures; plates and other iron
necessary for ratlroads, and iron for agricultural implements.

These men had understood that the blast fnrnace and accessories which were at
Samaca would be capable of producing the crude iron that they would need to rnn
the rolling mill. But they found that an cntirely new plant must be construeted.
A new contract, therefore, was made to huild a blast furnace with a capacity of
10 tons daily, a hot-air furnace, 6 ovens for roasting ore, and a cupola 25 feet high.
Iu October, 1879, without having accomplished anything in the way of paying results,
the men abandoned the works and returned to the United States, and in 1880 the
State became sole owner of the enterprise, appointed an agent to look after the

accounts and manage, with the director, the funds, ete., pertaining thereto, and to-

assist him in the completion and operation of tho works.

At this time there were upward of.200 1mnen employed at Samaca. Of these & were
Awericans, and the wages paid them were as follows: Director, $8,000 a year; 2
‘masons, $7 a day each; 1 molder, $5 a day; 1 blacksmith, $4; 1 carpenter, $4; and 2
machinists, $3.50 and $2.50, respectively. Of natives there were 2 overseers at $2 a
day each; 2 carpenters, $2.20 each, aud 2 at $1 each; 20 masons and hod carriers at
an average of $1.20 a day each, and 167 peons at from 15 to 30 cents a day each.
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. There were 2 ore mines, the poorer being nearest the works, and what ore had been
used was taken from it in order to avoid going over the bad roads in the vicinity,
which would have had to be done in order to get the better ore. There was a deposit
of coal near the ore mines, but it was of a poor quality, and it was necessary to go
3 miles to get good coal. The lack of transportation facilities is one of the greatest
difficulties to be met with in such an enterprise as the iron works of Samnaca. In
transporting heavy machinery in that country it is taken apart as much as possible,
and the parts are carried in earts where there are eart roads, or, failing these, it is
transported on the backs of men or mules.

It is more than twelve years since I made my report on the works, and at that time
they had cost $405,519.95, and this did not include almoest $9,000 that had been
expended on the workmen. The works were not ncarly complete or ready to operate
at that time, and I have been informed the Government has never made any use of
the buildings and they are being allowed to go to ruin.

I give the relative cost at the manufaetories and at Samaca of some of the machin-
ery purchased and taken thero: A narrow-gauge locomotive cost in Pittsbnrg, Pa.,
$3,575, and mounted in Samaca $14,479.23. 'The iron parts for four cats cost at the
mannfactory $494.48; cost, delivered near Samaca, $1,610. The cost of a 175-horse-
power turbine wheel at manufactory, $708; carried to the end of the cart road, 160
miles from Samaca, $3,760. Eight hnndred feet of wire rope, 1 inch in diameter,
original cost, $96; delivered in Samaca, cost $320. A report made in 1880 gave the
cost of extracting 500 tons of ore as $1,000; cost of production of 200 tons of* coke,
$5G0;~ and ‘the purchase price of 250 tons of limestone, $625.

PERU.

Iron ore is abundant in Peru, the high Cordilleras being cut by
magnetic iron-ore veins, which generally cross the ridges of mountains
at right angles to their axes. These magnetic veins are mostly in the
diorites and porphyries, which have been uplifted in the Cretaceous
limestones, forming, in Peru at least, the top of the Andes. These
volcanic disturbances seem to have been very active in the latter part
of the Cretaceous age. In places their action is shown only in some
few hundred meters of ground, while in others whole leagues of terri-
tory have been thrown up and distorted, and long ridges of highly
crystalline diorite hills have been formed. The size of the veins of
magnetite corresponds generally with the area of volcanic action. In
places where this action has been local the width of the veins varies
from 4 inches to 2 feet, while in the regions where the volcanic action
has been more extensive veins are reported over 50 feet wide and
many miles in length. The ore of these veins is generally well erystal-
lized. Some of the ores assay as high as 4 ‘““marcs” of silver to the
“cajon” of 60 quintals (6,000 pounds). To judge from their association,
the ores are likely to be sulphurous and phosphoric, but there is no
doubt of their high percentage of iron. ' Probably they have been
formed in the crevices left by the porphyries and diorites. The rocks
and veins cooling slowly together gave rise to .the highly crystal-
line magnetic veins, which cut up the Andes in many places. Some
of these veins occur associated with serpentine, some contain titanium,
and others gold and silver. Some magnetite veins on the Pacific Coast
are found in eruptive or metamorphic rocks of very old formation.
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Limonites alsn abound in the high altitudes of the Andes, having
been formed by the decomposition of iron pyrites. Some of these
limonites are high in iron, but as they all contain silver they can be
regarded principally as silver ores, which are known in the country by
the name of ““pacos.” )

In the departments of Ancachs and Junin, abont 60 leguas (a Peruvian
legna is equal to 3.4 miles, in round numbers) from the Pacific Coast
and 4,000 feet above the sea level, there are important veins of hematite
ore. The veins of Junin are especially noteworthy, for this is the only
place where iron ore is reported as being smelted in Peru. The “Chun-
chos,” or natives of the great Amazon Valley, come to this locality to
provilde themselves with salt from the great salt mountain (Moutana de
la Sal), which furnishes the greater part of the Amazon Valley with
this condiment. While obtaining salt the ‘“Chunchos?” also produce
some iron, using crude Catalan forges made of adobe and blown by
wooden bellows, The furnaces are about 24 feet square and 3 feet high.
The ore is generally fed by itself, but sometimes lead and salt are added,
very fusible silicates. of lead, soda, and iron_being formed. The. fuel
used is charcoal. '

In Pern the savages are the only iron producers; their more civilized
compatriots are satisfied with buying iron from abroad, whether it be
in the form of horseshoes or rails, paying in silver at the rate imposed
for these articles. According to the reports of engineers engaged in
constructing the Ferro Carril Central del Peru, many Peruvians were
satisfied to obtain foreign iron without a silver equivalent, and serious
inconvenience was occasioned by the removal of rail spikes, nuts, car
links, pins, ete., and, in fact, of any other form 6f iron-which could be
readily carried away. '

There is really no coal or iron industry in Pern. The severe topo-
graphical features of the country, the absence of roads and also of weod
on the Pacific Slope, the ignorance of the people as to iron production,
and the repeated civil struggles which have beset the country have
retarded its development and prevented the exploitation of the coal and
iron deposits that are known to exist. It is claimed that the heart of
Peru, that is, the top of the Audes, is practically a coal-bearing region,
yet the largest and most successtul silver smelters located on the railway
receive most of the coke from England and roast the ores with ¢ taquia,”
the exerement of llamas. Charcoal or wood is principally used for loco-
motives and stationary boilers. An interesting deposit near Tumba is
claimed to consist of carbouized wood, found below the surface of a
region devoid of any signs of vegetation.

Sefior Vicente Pazos y Sacio, of Pachuca, Mexico, furnished much
of the above datain regard to Peru, which has been supplemented by a
revision by Mr. James R. Maxwell, C. E., who was engaged for eight
years in constructing railroads in Peru.- y
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' CHILE.,

Mr. C. Vattier made a report to the Chilean Government on the iron
ores of that country, which he states may be geologically divided into
three main sections. Near the coast are the granites, diorites, syenites,
and similar rocks, together with mica-sehists and clay-slates. At the
back of these rocks, farther inland, occur Jurassic, Triassic, and meta-

‘morphic rocks. Finally, there are the rvocks of the Cordilleras,

The granitic rocks of the coast region contain the more important of
the iron-ore deposits. The veins are larger and more constant, and
the ore richer and purer than those met with in the other districts.
Among the known deposits of iron ore are those of Mejillones, Autofa-
gasta, Taltal, Chanaral, Caldera, Huasco, and especially those of Toto-
ratillo and Coquimbo, and near the harbor of Los Vilos, as well as one
recently discovered in the south, near Lebu.

The second region, which includes the Jurassic deposits, lies east of
the region just described, rises to a certain height on the Cordilleras,
and in the north approaches the coast somewhat closely Beds of iron
"and manganese oceur near the Sieira Gidrda, Juncal;, and Terra Ama-
rilla, and large veins are found at Tres Puntqe, Atacama..

The third district, still farther to the west, rises high up the Cordil-
leras. In this region spathic ore occurs at Chizbla, well up in the
mountains, and farther down at Challacollo both iron and manganese
ore are met with, while titaniferous iron sand is found in the Atacama
desert, near Calama and at other places. In the departments Illapel
and Combarbala, iron and manganese mines exist at Batuco, Lampa

-Maipo, and-San Felipe.-. The ores of irou discovered are cliiély oxides, =

are generally low in sulphur and phosphorus, but spathic ore'is occa-

“sionally found.

No iron is mannfactured, and the only iron ore mined is used as a
flux in silver smelting.
VENEZUELA.

Mr. S. Norton, who made two journeys to Venezuela, states that an
iron-ore deposit on the Orinoco River at Imataca, Venezuela, is of
great extent, and adds:

There are millions of tons of iron ore of high grade that can be mined and
shipped at a low cost. The ore was first found at the east end of a spur of the Ima-
taca Mountains, about 54 miles from the mouth of the Orinoco River, It wag mined
near an island called Corisimo, formed by a small arm of the Orinoco River passing
around it. Large vessels are able to come within 50 feet of the shore, and at sowe
places still nearer. The ore i8 traced to within 1,600 feet of the river and 200 feet
above it. Bowlders of iron ore weighing from 100 pounds to 100 tons cover un area
on the tops of the hills 3,000 feet long and 100 feet wide, there being in sight from
150,000 to 200,000 tons of Bessemer ore. The true vein has un average thickness of
12 feet, and samples taken at widely separated points show an nnchanging charac-
ter. Bowlders of iron ore are also found at points 6, 32, and 35 miles to the west-
ward. A large outerop is also to be seen ou Corisino Island.
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Mr. Norton continues:

The above is a brief description of what is claimed to be the small end of the
range. Explorations carried on to the west sliow that as the height of the hills
increases the size of ore bodies increase also, until at places the outecrop is from 100
to 300 feet wide, and as explorations now extend over about 6 miles, each suc-
ceeding test trench to the westward showing more and 1inore ore, and as we know
that the ore is to be found at a point 35 miles beyond, we have, I think, good reasons
to believe that there are at lcast 35 miles of an ore range. On the north slope of the
hills, as far as I have been, there are thousands of tons of ore which have been
worked down from the disintegrated vein matter, so that if 1 should do as many
others in describing the range I would say that the onterop was from 500 to 1,000
feet wide. This ore could be easily and cheaply won., The navigation of the Ori-
noco is not difficult (the lowest water we found was 22 fect) and I never saw a place
where a beginning could be made at so Iow a cost; in fact the location is an ideal
one. The Orinoco River is navigable for 1,200 miles, and this whole region is open
for American trade and should give return cargocs to the vessels engaged in the h
transportation of the iron ore.

A sample of Imataca ore, analyzed by Mr. Clemeuns Jones, showed as

follows:
Analysis of iron ore from Imataca, Tenezuela.
oMo - BT P e me o e P _, arnvrsn

Ter cent. Per cent.
Metalliciron ................... 66. ‘769 Lime ... ... 3.287
Manganese ..........-....oo.. o, . 069 Siliea............. e -697
Phosphorus ................ ... L0827 1) Swiphur.... ...l . 011 (

BRAZIL.

The iron-ore production of Brazil is at present limited to the demands’
of two small blast furnaces, one in the State of Sao Paulo, and one in
Minas Geraes, and of a considerable number of direct-process forges in
the latter State. No iron ore is exported. The Government blast fur- \
nace, established in 1818 at Sdo Jodo de Ipanema, in the State of Sao ‘
Paulo, was remodeled in 1865 for a daily output of 3 tons of pig iron,
and presumably the annual production since that time has been on that,
basis or somewhat angmented. The furnace at Esperanca, near Itabira
do Campo, in the State of Minas Geraes, belonging to the Companhia
Forges e Estaleiros and having a capacity of 5 or G tons a day, has
been in blast since the early part of 1892, The uwumber of direct pro-
cess forges, situated mainly in the region between Ouro Preto and
Diamautina in the State of Minas Geraes, was estimated in 1883 as 75,
with an annual production of at least 1,600 tons. Some of these forges
have becn eularged, and the annual production is probably considerably
increased, but no reliable data is at hand for estimating it, though 2,500
tons would probably be a maximum figure. The total iron-ore oitput
therefore is presumably in the neighborhood of 12,000 tons per annum,

The Ipanema iron is consumed mainly by the Government railways
and arsenals, but a portion of both cast and wrought metal is worked
up at the establishment for local agricaltural and industrial needs,
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The Esperanga iron is largely consumed by the mining enterprises of
the neighborhood, and enters the general local trade, or is shipped to
the Rio de Janeiro foundries. The product of the direct process forges
is converted into horseshoes, nails, ete., or is used for the simple agri-
cultural implements required in the immediate vicinity, and to a limited
extent supplied to mining enterprises for stamp heads and other uses.

The extent and importance of the iron ore deposits of Brazil are great,
but up to the present time lack of fuel and of transportation facilities
has retarded thie development of the iron industry. The principal and
most accessible region is in the State of Minas Geraes, extending also
into Bahia. A prominent geological feature of the Serra de Espinhaco
Mountain range, that forms the divide between the River Sio Francisco
and the coast rivers, is ‘“itabirite,” a rock composed of grannlar quartz
and micaceous hematite. By decomposition the quartz disappears, and
this becomes a fair hematite, often massive, but usually friable.  'When
in the latter condition the beds frequently carry peculiar stringers of
gold-bearing iron ore with clay, known as ¢ Jaentinga,” and alarge part -

— 0L the gold product.of Minas Geraes has been derived from this formation.
Thronghout a considerable portion of the range, continuous surface
exposures of the ore beds can be traced for miles, and many of the most
prominent peaks, such as Itabira do Campo, Itabira do Matto, Dentron,
Piadada, Curral d’el Rei, etc., appear to be composed principally of
iron ore. This is particularly the case in the region between Ouro Preto,
the capital of the State, and Diamantina, where, throughout a distance
“of about 200 miles, three or four parallel ridges of the ore occur. This
is the region supporting the IEsperanca blast furnace and the direct-
process forges above mentioned, and the reported excellence of their
product attests the character of the ore.

Unfortunately, this ore region is without an adequate supply of fuel
for the development of an iron industry. No coal is known in the vicin:
ity. A large part of the region is in ¢“campo,” and the forest that
formerly covered another part has been devastated to a considerable

- extent. No ore has as yet been shipped to the coast towns for smeit-

- ing with imported coal, or to Europe, nor ean snch shipments be made
with the present high rates of freight on Brazilian railways. The ore
distriet is now tapped by the Central Railroad at a distance of about
500 kilometers (325 miles) from Rio de Janeiro, and several other roads
under construction from the coast of Espirito Santo and Bahia will ulti-
mately reach it at a less distance from tide water. The character of the
ore, and the facilities for mining, owing to the elevated position of the
deposits and the friable nature of the ore itself, are of the best, and it
is claimed that cheap transportation is all that is required to make this
extraordinary region an important factor in the world’s produection of
iron ore. ‘At several points of the same region excellent manganese
ores are reported in counection with those of iron.
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Several mineral regions, though of less extent, are found farther west
in the same Statc of Minas Geraes, and in those of Goyaz and Matto
Grosso. These are, however, too far inland and too far removed from
. any known supply of fuel to be of much importance, except for purely

local consumption, for a long time to come. A possible exception may
be the deposits about Curumba, in the State of Matto Grosso, which,
located on the navigable waters of the Paraguay River, might furnish
ore to a portion of the La Plata Basin.

Aside from the hematite ores, magnetite deposits of more limited
extent are known to exist at various points in nearly every State of
the Republic of Brazil.. No special examination of the deposits has
been made, but apparently some of them are of great extent, and the
ore ig of excellent appearance, but, like magnetic ores elsewhere, they
are probably subject to an admixture of titanium and apatite. At
present magnetite is worked only at the Government foundry of Ipa-
nema, in the State of Sao Paulo. Two deposits, reported to be of
large size and good quality, are within a very few iiles of the excel-
lent ports of Antonina, in the State of Parana, and at Sio Francisco
do Sul,in the State of Santa Catharina, the ore at the latter place
being associated with manganese. The facilities for shipping from
these points are such thaf, if the ores prove as good as reported, it will
probably not be long before they are exploited.

Acknowledgment is due to Mr. Orville A. Derby, “Cominissio Geo-
graphics e Geologica,” of Sao Paulo, Brazil, for the above information
in reference to the iron ores of Brazil. .

Mr. William K. Curtis, formerly in charge of the Bureau of Amer-

-iecan Republics, supplied the following analyses of some of the iron ores
of the State of Minas Geraes: '

Analysés of iron oves from Minas Geraes, Brazil.

Metallic
iron.

Per cent.

Hematites of Grandarela.c.,ceeeu.... 69, 666
Oligiste (granular) of Cacnnda....... 60. 86
Itabirite (dust) of Grandarela.._..... 68.03

Ferruginous conglomerate of Gran-
darela .. ... ... 64, 04
PARAGUAY,

Iron ores are found in Paraguay, but none are reported as being
worked. :
URUGUAY.

Iron ore is found in many localities in the northern district, and in
the hill ranges of’ the interior, bot the deposits are not worked. Lett-
som, an English mineralogist, reports the finding of some very rich
maguetic ore. ‘

EREAPE
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ARGENTINA,

The Government mineralogical bureaun mentions iron pyrite in cer-
tain districts and ferrnginous clays in others. It is also stated that
magnetic iron ore occurs in considerable quantities in the Province of
Catamara, in the western-central portion of the country, which is now
being exploited.

BOLIVIA,

This conntry exhibited some specimens of carbonate of iron and iron
pyrites at the Paris Exposition, but no iron ores are reported as either .
mined or treated. '

EUROPE.
" GREAT BRITAIN.

As the most active competitor with the United States for supremacy
_iniron production, and as a nation which for many years led the world
in this specialty, Great Britain is entitled to considerable space in this
discussion, and hence details are given with liberality.

The iron ores of Great Britain are liberally distributed through
England; a large quantity is raised in Scotland, and smaller amounts
are produced in Wales, Ireland, and the Isle of Man.

The ores may be classed in a general way as—

-. .1 Limonite, found mostly in the rocks of the Subcarboniferous and
Jurassic ages. The later and more important of these deposits are in
a broad belt stretching from Lincolnshire to Wiltshire, and are worked
in Lincolnshire, Northamptonshire, Leicestershire, and Rutland. The
deposit seems ‘to have been originally a bed of carbonate, lying so
close to the surface that the ore passed into the condition in which it is
found.

2. Hematite, found in the rocks of the Subcarboniferous age,
although a small amount is taken from Devonian rocks, and the lean,
aluminous, brown ores of Ireland (used for mixing with the more sili-
ceous ores of England), which occur in bands of basalt of Tertiary
age. The hematite mined in England is taken from the mountaiu or
Carboniferous limestone of Cumberland and Lancashire, while the
Irish ores are found in the provinces of Leinster and Ulster, principally
the latter. ‘

3. Carbonate, the great portion of the iron ore now mined, which
comes from the same group of rocks as the limonite mentioned above,
i. e., the Jurassic, but from a lower horizon, namely, the marlstone or
Middle Lias. Being covered with a considerable thickness of rock, it
is unchanged in composition excepting at outcrops. The remainder of
the carbonate ore produced is the clay ironstone of the Carboniferous
formation, which a number of years ago was the mainstay of the
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British iron trade. It is now, however, displaced by the ironstone of
the Oolite and Lias, Scotland and Staffordshire being the principal
. producers of ore found associated with the Coal Measures.

Mr. H. Bauecrman, autlior of The Metallurgy of Iron, gives the fol-
lowing data concerning the carbonate ores, and divides them into
(1) Cleveland ore, (2) balls and elay-band stone¢, (3) black-band ore,
(4) spathic carbonates.

Spathic carbonates are found at Perran, Cornwall, Brendon Hills,
Somersetshire, and in Weardale. Only the latter mines are at present
operated, the ore now being used in the manufacture of spiegel iron
for steel, etc.

Black band is obtained chiefly in the pottery (North Staffordshire)

coal field, and is used in making forge iron. When ealcined the black

band is largely employed as fettling material under the name of * pot-
tery mine,” the best pieces being put aside for that nsy, and only the
leaner kinds smelted.

Nodular carbonates of the Coal Measures are now prineipally used
in making special classes of iron, such as cold-blast, foundry, and chill-
ing iron for roll-making in South Wales, Shropshire, and South Staf-
fordshire, and the highest class of malleable iron in the West Riding
of Yorkshire. They are too costly for common forge purposes. The
Scoteh clay-bands, which contain manganese, and are somewhat dolo-
mitic, are mostly sigelted for foundry iron.

Irish ore, the pisolitic brown ores of Antrim, occur in thin beds rep-

resenting old lake bottoms in the basaitic piateaun that covers the nortn=-

east of Ireland. They vary from an ore yielding 40 to 45 per cent of
iron to a mere aluminous clay. This ore is probably of Miocene age.

Of the iron ores produced in late years approximately over one-half
is carbonate, one-quarter hematite, and one-fifth limonite ore.

Sir Lowthian Bell, in an article on ¢“The American iron trade,”!
classifies the Dnghsh iron ores as follows:

(1) Altered carbonates (a variety of brown ores) got by open work
from the Lias and Oolite formations in Lincolushire, Northamptonshire,
Leicestershire, etc. :

(2) Carbonate (clay ironstone?) got by mining in the Lias, as in
Cleveland. '

(3) Carbonate (clay ironstone) got from the Coal Measures as it oecurs
in Scotland, Staffordshire, ete.

(4) Red hemqtlte largely wrought in Lancashire and Cumberlamd

() Brown hemalites, such as the ores of Antrim, in Ireland, and the
Forest of Dean, neither of these being of much importance.

(6) Sundries, eonsisting of different varieties, but all in unimportant
quantities. ‘

The following interesting statement for three years endmg December

18pecial volume ot‘ the British Iron and Stecl Institute, 1890. '
20ther metallurgists claim that this is an oolitic fossijliferous limestone, transfornied into limonite.
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31, 1890, shows the amounts of British iron ores mined, and the value
in gross and per ton, as well as that per long ton per unit of iron, in
American money:

Production and value of Britigh iron ores, 1588 to 1890.

Approxi-
Average
Yeurs. | Amount. | Total value. Valtue per percentgge mato value
on. of iren per ton of
| * | pig metal.a
Long tons.
1888 ... ..... 14, 590, 713 | $16, 946,374, 28 $1. 16 35.85 $3.23
1889 . ......... 14,546,105 | 18, 625,617.12 1.28 35. 62 3. 60
1890 .. ........ 13,780,767 | 19, 0u3, 993. 8¢ 1.38 35.18 3. 93

aDividing the above by 100, the cost per unit of iron in the cre is 3.23, 3.6, and 3.93 ceuts, respectively,
for the years named, the percentage of ore being considered as based on the furnaco yield.

This table indicates an apparent increase in the cost of mining the
“iron ores (probably on account of greater depth), while the average
percentage of iron in the ore is decreasing.

Mr. Josiah T. Smith, in a paper read before the British Iron Trade
Association on ‘“Great Britain’s requirements and available supply of
Bessemer ore,” states that iron ore is found in no less than twenty-seven
counties in England, twelve in Scotland, and one each in Ireland and
Wales. He divides them into two heads, the hematite and. Lias, and
says that of the latter there is a good supply, but that of the ‘“hematite,
however, the quantity available 18 more uncertain, and although it has

... -tecently been proved by new discoveries to be more abundant than was

at one time supposed, it is doubtful if the present annual output could
be largely angmented, or indeed quite maintained.” From this state-
ment and from the falling off of the iron-ore output it may be inferred
that Great Britain has reached the height of her iron-ore production,
and a reduction of her annual output may be expected, and is in fact
shown by the figures given above and by later statistics.

The brown oolitic ore found in Lincolnshire is a bed reaching some-
times a thickness of 20 feet. Mr. Bell reports a series of analyses rep-
resenting the composition of every foot of the seam, which, as will be
seen from the foliowing résumé, show great irregularity in its different
layers.

Résumé of analyses of Lincolnshire (Lingland) oolitic iron ore.
\

Average

Per cent. per cent.
Silica .c.ooiiieeininnn. 3,02 to 19, 64 8. 27
Carbonate of lime. .. .. 3.18 to 60,63 34.20
Moisture ......c.cue..| 5,44 1017.98 9. 87
Iron coeeeoveeeinnuan.. 14. 46 to 37. 13 22, 40

The Lincolnshire ore is manganiferous, and is best fitted for making
basic white iron, with about 2 per cent of manganese.
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Instead of having the very calcareous nature characterizing the
Lincolnshire ore bed, that of Northamptonshire is siliceous. In a
description of a visit of the Geologists’ Assoua,tlon to this county,
the following statemeut is made: !

The ironstone beds vary mueh in thickness, in the quantity of iren in them, andin
the mode of their occurrcnce. Most of the Inferior Qolite fossils are found in these
beds. At Duston the iron ore has been dug without intermission for a great number
of years. Sometimes a depth of nearly 25 feet ean be utilized, but more often the
uppermost and lowest beds are rejected, the former being sandy and poor, and the
latter containing phosphates. The character of the best ore is peculiar, consisting
of nearly rectangular, or it may be oval, coucentric boxes of rich, dark iron ore in
the condition of limonite, with cores of vcherous or green material. This is mostly

earbonate of iron with some silicate, and in the lower beds about 2 per cent of phos-
phate of irun, glvmg it a bluish tinge. The latter ore is thrown to one side. The
proportion of iron in the workable ore varies from 25 o 30 per eent, though the
casings contain a greater and the cores a less amount. The probable source of the
iron in these beds has given rise to much discussion. The most satisfactory expla-
nation appears to be that the organic acids preduced by decomposing vegetable

matter in the estuarian beds above gradually attacked the iron-containing minerals
of the beds in which they occurred and of those below, dissolving the iron, and thus
leaving the upper layers bleached as white sand. The iimpervions Lias clay kept the
ferruginous water in contact with the lower beds, so that as the hydrostatic pressure
forced the solntion along the lines of least resistance in these lower layera lime was
gradnally replaced by iron in the beds, and-iron by lime in the water. Oxygenated
water finished the operation and produced the hydrated peroxide now met with.

Sir Lowthian Bell says that the ore is very easily mined, almost as
easily as clay for bricks. ‘

According to Mr, M. H. Mills, it was not until 1876 that any serious
attempts were made to use the iron-ore deposits of Leicestershire. Iu
the vale of Belvoir the soft Keuper sands and the overlying Lias shales
lie eonformably and dip to the southeast. Farther eastward is found
the marlstone in an escarpment of hard, arenaceous rocks. The work-

able bed of iron ore, 6 to 9 feet thick, lies on the summit, and with the, .
overlying oolitic limestone forms an extonsiV®TADIC-land. The bed,

however, is very variable in th,wl{;ss and quality. There is a continu-
ous outerop of this rock bed from Melton-Mowbray to Grantham, and
all along it therc are extensive workings of ironstone by several com-
panies. The workable {ronstone is about 8 feet thick,. with 4 to 6 feet
of cover, and rests on ferruginous limestone. Long cattings are driven
and the cars are laid close to the face. The stone is removed in small
iron wagons, by a locomotive, to a tipple, where it is loaded on the rail-
road cars. The refuse is spread behind the face and covered with soil
to renew the surface. The ore is not usually calcined unless it is
heavily charged with moisture.
~ Iron ores of the Carboniferous limestone, northern counties.—The prin-
cipal mass of the iron-producing Carboniferous limestone of the north-
ern and north midland counties of England emerges from beneath the
Coal Measures of Durham and Northumberland in the east, and is

1Proceedings of the Geologisis’ Association, vol. 12, pp. 172-190, London, 18292,
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bounded by a steep ridge overlooking the vale of IEden on the west.
It reaches its highest point in the mountainous range of Cross Fell,
and forms a tract of moorland country, which, in the neighborhood of
Alston, extends for a width of 25 miles, while in the elevated region
adjoining the Scottish border it stretches almost completely across the
island. After an interval of a few miles, the saine formation again
rises toward the west, from beneath the new red sandstone of Penrith
and the Coal Measures of Workington and Whitehaven, and forms a
comparatively narrow belt around the older slaty rocks of the lake dis-
trict. The structure of the high land, on which are situated the towns
of Alston, Hexham, and Altwhistle, differs materially from that of the
contemporancous formations occurring both in England and Wales,
farther south, which for a great thickness consist principally of almost
uninterrupted beds of limestone. Some of the lead veinsin the vicinity
- of Alston, in portions of their course, instead of being composed of the
usual veinstones accompanying lead ore, such as calcite, fluorspar,
etc., are filled with brown iron ore, and many veins have yielded large

e~~~ RANTITIES Of . this-character of-ore. In the éastern part of this region
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spathose iron ores make their appearance abundantly in the lead veins.
The red hematite from the vicinity of Whitehaven in Cumberland, and
of FFurness in Lancashire, is obtained either trom the Carboniferous
rocks or from those of the Silurian age. Practically, however, it is
derived almost entirely from the former, since the deposits-in the Silu-
rian rocks are of extremely limited extent.

The Carboniferous limestone series consist mainly of alternations of
limestone with shales and sandstones. The sandstones and shales are
generally thin, often not more than 2 or 3 fect, and seldom exceeding
12 feet in thickness. On the other hand, the limestone occurs in
enormous beds, sometimes exceeding 300 feet in thickness, and it is in
these thick masses of mountain limestone that the hematite is priuei-

pally “Tuund=~®he.ore fills fissures and lake-like basins in this rock,
sometimes imnediately below tiwe~drift, while at others it presents
itself in an irregular form deep down insthe Carboniferous limestone.
It is found in almost every bed, from the lowest, resting on the Silurian,
to the highest, forming the base of the Gritsiand the Yoredale roeks,
at Whitehaven and Furness, respectively. In conseqnence, however,
of the inclination of the limestone, and the extent to which it has been
denuded, this difference of geological horizon does not always affect
“the actual level of the deposits, and many of them occurring in the
lower beds are found much nearer the surface than those in the higher
ones. At Whitehaven some of the finest deposits of iron ore occur in -
the upper beds of limestone—those lying immediately below the Grits.
At Bigrigg, Crowgarth, and Parkside the ore is found in large, irregu-
lar masses jn the limestone immediately under the Millstone Grit, one
of the beds of which forms in each case the roof of the deposit. In
section these deposits present in many respects the appearance of a
bed, since they follow the dip of the rocks in which they lie and usually
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preserve a tolerably uniform thickness, which in different deposits
varies from 4 to about 40 feet. But few of the deposits occurring
immediately under the Grits are found to be at any great distance from
the upper edge of those rocks, and in many cases the ore comes from
beneath them to the bottom of the drift.

The superficial extent of these deposits is sometimes very large, that
at Parkside having an area of 18 acres, while numerous others vary in
size from 2 to 10 acres. In Furness one deposit only has been found as
yet while searching for coal—in the highest bed of limestone immedi-
ately beneath the Yoredale rocks. The deposits in the intermediate
beds are many and various. Some of them lic immediately below the
drift, in basins hollowed in the Jimestone; others are at considerable
depths in the limestone, inclosed in irregnlar caverns, which are some-
times at a depth of 35 fathoms from the surface and surrounded on all
sides by limestone. The deposits in the lower beds of limestone réstiug
upon the Silurian rocks are among the finest which have been found in
the Furness district. Among these may he mentioned those of Park
and Lindal Moor, the first of which extends over an area of 15 acres,
and at one point has been proved to a depth exceeding 300 feet. The
deposit at Lindal Moor is 900 yards in length and about 23 yards wide.
At Whitehaven the hematite is nsually of a dull red color, and oceurs
in hard, compact masses containing numerous irregular cavities, which
are frequently lined with a botryoidal concretion generally knoWn as
‘“kidney ore,” on which a coating of specular irou ore, quartz, and
calcite is sometimes formed. On the other hand, the ore at Fur-
ness consists, to a large extent, of a loose, incoherent material composed
of delicate filmy scales of micaceous iron, soiling the fingers when
tonched, and inclosing fragments of more compact ore, mnany of which
have a concretionary structure. The harder hematite, locally known
as “blast ore,” is employed entirely for smelting purposes, while the
softer variety, sometimes known as ¢ smittyv ore;4STUCH TOr ToTin-
ing the bottom of puddling furnaces.

In the Cleveland giStrict, the most important iron-ore region of
England. Mr, Bell sgtgtes that there are two well-known scams of this
ironstone, the Upper and Lower beds. The first was objected to as
being siliceous and irregularin qnality. In the sonthern portions of
the district its position can only be traced by a thin and unworkable
band. At Rosedale Abbey it thickens to as mnch as-10 to 12 feet.

“When first opened it was considerably richer than the lower seam, con-
taining as much as 37 or 38 per cent of iron. This sample, however,
- had lost one-third of its original carbonic acid. It is obtained near
Rosedale Abbey by drifts in the seam ifself, and as the workings
advanced the ore became poorer, partly from more of the metal being
in the form of carbonate. Immediately beneath the top seam there was
found, within 80 feet of each other, on the face of a lofty cliff, two
wedge-shaped masses of ironstone, with their points downward., The
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upper base of these two triangular deposits had a width of 240 and 330
feet, respectively, the former having a perpendicular height of 50 feet

~and the latter of 100 feet. These two masses of ore united at 200 or

300 yards from the face of the drift, but soon after, viz, at a distance
of 400 yards from the face of the cliff, the united mass suddenly came

~ to an end, as ultimately did the mine. This stone was a dark blue-

black in color, with a distinetly magnetic action, and contained nearly
50 per cent of iron. The top seam itself having, however, only a thick-
ness of about 4 feet, was worked at Rosedale, close to the sea, and at
Ingleby Greenhow, but Rosedale Abbey is now the only mine worked
in this bed of stone.

Mr. Bauerman states that the oolitic and liassic ores are essentlally
pseuadomorphs of oolitic limestones in siderite, which have weathered to
limonite. The phosphates are also to some extent of later formation.

The Lower bed may be regarded as the only general source of the
ironstone of Cleveland. It had been worked as early as the year 1836
in the neighborhood of Whitby, but 1850 was the year of its discovery
at Eston, near Middlesborough. The ironstone seam in the northern
portion of the field has a thickness varying from 8 to 10 feet. A small

‘shale parting divides the seam, which gradually inereases in thickness

southward, until in the valley of the Esk the bed is split in two, with
31 feet of rock intervening. The average yield of ironstone as worked
at Grosmont did not exceed 25 per cent, against 31 per eent in the best
mines near its northern boundary.

Mr. Bell says that the composition of the Cleveland ore is bhOWIl by
the following analysis:

Analysis of Cleveland iron ore.

Per cent. Per cent.
N e provend e L L. 39. 92 Insoluble matter, ete..... 4, 58
I‘on peroxide ....... 000w ~ean2.R0, Slhca. goluble in acid . .... 7,12
Munganese protoxide . R ) N _
Alumina ... ... ... 7.86 Lotal. o CRRREPEEEPE 100. 00
Lime.... ... ... ... .... 7.44 || Equivalent to™
Magnesia ... ........... 3.82 Iron......... \ e 33. 54
Carbonic neid ............ 22.85 Phosphorus .. .. ... . 812
Phosphoric acid. ......... 1. 84 1

He also gives the following analyses showing the composition of
various parts of the Cleveland bed, where the shale bed is 12 inches
thick:
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Composition of the Cleveland (Iingland) iron-ore bed in different layers.

'l;g}])n‘:f Dogger | Shale | Boitom

(3‘4‘&6‘; (0.8 foot (1 ‘f‘oof. (2.[} feet

tilick). thick). | thick). | thick).

Fer cent. | Per cent. | Per cent.| Per cent.
1) T RSN 13.75 15, 00 34.00 12.30
ATUMIDA. - - e i e aa 11.10 13. 03 20,14 - 10. 96
515 1 U S, 6.75 6. 00 3. 50 5.10
Magnesia ..o 3.13 4. 07 3.03 4,29
TSUlPhAUT e .06 .24 .82 .09
Phosphoric acid ... 1.40 1. 40 1.08 1.40
Carbonic aeid, water, ete......... ... 22. 00 20, 50 13.00 23. 00
Protoxide of 1ron........ e 42,00 39.57 24.28 43. 14
Total ..o oei 100.19 99. 81 99. 85 100. 28
Metallie iron «.....c.ooooiioioiiiiaan.. 29. 40 27.70 17. 00 30.20
Phosphoras._ ... .ot -611 .611 472 .611

These figures prove not only the existence of a band of shale peor
in iron, but also an additional amount of earthy matter in other parts
of the seam, by which the percentage of iron is rednced.
The ironstone of Cleveland oceurs in the Middle Lias, the two prin- P
" “eipal beds being known respectively as the Pecton and-Avicua seams;” ™ ™~~~
from the prevalence of fossil shells belonging to those genera. . The
usual color is a dull bluish-green, arising from the presence of silicate
of irom, its strueture being oolitic, with numerous interspersed fossils.
The beds worked extend inland from Redcar to near Middlesborough
oun Tees. At Eston the main bed attains its greatest thickness. From
Eston the bed gradually but slowly thins off toward the southeast,
but in the opposite direction this takes place more rapidly. R
In former days the Scotch iron-trade cwed its success to-the variety = > ™~ .. ™
of clay iroustone known as ‘“blackband” ore, found in the Coal
Measures in seams varying from 12 inches to 2 feet, and as delivered
at the bank containing about 33 per ccnt ot iron. The mineral was
piled in large beaps and fire applied; the associated combustible’
matter, being sufficient for calcination, disappeared, leaving the cal-
cined ore containing about 55 per cent of iron. The employment of
this mineral is now almost a thing of the past, but the furnaces when
using local ores are fed with clay bands which appear to afford abont
30 per cent of pig iron. Secotland, however, still maintains its position
as to the quantity of iron produced by liberal importations of foreign
ores, chiefly Spanish,
Hematites.—The deposits of red hematite in the west of England
vary a great deal as to their dimensions and purity. This ore is, as
previously stated, found principally in Cumberland and Lancashire.
The chief working localities are near Brixham, in Devonshire, and a few
small mines 1 the Mountain limestone of the Mendip Hl]ls in Somer-
setshire. These are now used for paint.
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The Foiest of Dean was probably one of the first seats of iron trade
in Great Britain, for there is evidence that the Romans carried on the
ma,nufa,cture of iron there on a large scale. The Farewell Rock. or
Millstone Grit, which underlies the Coal Measures throughont the For-
est of Dean, contains in its lowest bed a deposit of iron ore, which to
a small extent is worked on its eastern outcrop; but-the extensive
deposits of ore which supply the iron of the Forest of Dean oceur in
pockets or “‘churns” in the upper beds of the Carboniferous limestone.
Some of these churns often coutain several thousand tons of brown
hematite, which is for the most part soft and easily worked ; but which
nevertheless varies considerably in quality. The Black Brush ore
sometimes contains as much as 90 per cent of peroxide of iron, but the
poorer varieties, being contaminated by an admixture of clay and car-
bonate of lime, are proportionately less rich in iron. The most impor-
tant workings in the limestone of this district are those situated on its
eastern outcrop, where cavities in the almost perpendicular bads ave
filled with deposits of rich ores. On the western side of the field,

—""""where ‘the Strata-are less inclined, iron mining has long. been exten-

sively carried on. All the more successful mines, however, are found
to lie to the dip of the excavations made by the ancicut miners, who-
frequently penetrated to greater depths than could have been expected
with the means at their disposal.

Iron ores of the Mesozotec age—The marlstone bed forming the high-
est portion of the Middle Lias series is often ferruginous, and in certain
localities constitutes a valuable ironstone, sometites attaining a thick-

“ness 6f 20 feet. - This ore has been worked at Adderbury, Steeple Aston,

and at Fowler, near Stonesfield, Oxfordshire.

Brown hematites of a somewhat sandy and impure character ocenr
in the Lias, Oolite, and Lower Greensand formations, aud are found
from the northern parts of Wiltshire to the Wolds of Yorkshire, pass-
ing through Oxfordshire, Northamptonshire, and Lincolnshire. It has
usually the appearance of a brown ferruginous oolitic rock. The most
important of these deposits is that at the base of the inferior oolite,
whicl: extends from the neighborhood of Banbury through Northamp-
tonshire. These ores are poor in quality and cheaply mined.

The hematite deposits of West Cumberland and Furness have, it is
stated, been worked from the twelfth century; and, on accouut of the
comparatively high percentage of iron in the ore, they have been an
important factor in the supply of Great Britain. The hematite deposits
hitherto wrought occur in the center and at the extreme ends of « belt
of country extending along the seacoast from Whitehaven northward
for a distance of about 33 miles, its greatest width being about 8 miles.
Those in the north are about Kelton, Salter, Winder, Frizington,
Cleator Moor, Bigrigg, and Egremont, and those in the south at Sile-

. croft, Hodbarrow, Water Blean, and in Furness, the central part of the

belt being worked in the hills about Eskdaile.



PRODUCTION OF 1RON ORES. 79

Mr. J.D. Kendall, in Liis work on The Iron Ores of Great Britain and
Ireland, states that these ores are all found in the Carboniferous lime-
stones, but that numerous deposits, not commercially important, oceur
in the Eskdale granite and Ennerdale syenite. The deposits in Car-
boniferous limestone are in variable shapes, being sometimes bed-like,

again vein-like, and at other places filling dish-like hollows in fhe lime-

stone, immediately below the drift, while not infreqnently they have a
most irregular shape, The bed-like and vein-like deposits are nearly
all found in the Whitehaven district. Good exawmples of the former
are seen at Bigrigg, while the Liudal Moor deposit illustrates the latter
type. A good example of an irregularly shaped deposit is at Wynd-
ham and at No. 7 pits at Bigrigg. The famous Hodbarrow mine is the
only large dish-like deposit, and its extent has not been fully ascer-
tained. Itslength as far as known is about 1,000 yards, and its breadth
400 yards. Its greatest thickness is about 130 feet, and the average
perhaps 65 feet. ‘The deposit contains very little stone or other foreign
matter, so that it may be considered as almost a solid mass of ore. The
ore from the Hodbarrow deposit has been exported to the United
States, and has been used as a mixture in some blast furnaces close to
the seaboard, :

The ore of the Whitehaven dlbtl'lct is chiefly of a hard, massive
character, much harder in some places than in others. Its color varies
from a brownish-red or purple to a bluish iron gray. Mr. Kendall says
the general composition of a first-class ore is shown by the following

~analyses, No. 1 being an average sample of the Southam ore, while

No. 2 is an evample from ngdbarrow, and No, 3 an_average. of 18-

samples of’ 2 good ()19, the Tatter being dried at 2120

Analyses of iron ore from the Whitehaven district, England.

No. 1. No. 2. No, 3.

Per cent. | Per cent. | Per cent.
Peroxide of iron............ 88. 7 81.41 83,67
Protoxide of manganese..... Trace. -32 .18
Sitica ... i 4,96 7.36 0.42
Alumina ... ... ... ..., 1.94 .97 1.25
Lime.........oooiiiiooa... .41 .70 1.12
Magnesia .......... ... 12 n 9

Barvta. ... ....... R B
Carbonic acid ... ... .. ... - .44 1.09 2.10
Phosplioric acid............. .03 .03 . 05

Sulphuricacid ....... R .05 i ) B S
- Sulphuar.......... A ! .05
Water -....cooviiinn . 3.10) 50|  1.23
171 R 99.91 | 100.00 | 99.16
Metallic iron................ 62, 11 | 59,09 l 58. 50

o Moisture Tost at 2120, 5,55 per cent.

Some of the ore, however, is poor, there being a great variation in
quality. In one deposit which gave an average analysis of 43.84 per
cent of iron the extremes were 58.49 and 21.72 per cent.,

The ores of the Furness deposit may be divided into three classes,
viz, (1) hard, compact, blue.purple ore; (2) dull, reddish-purple ore; and
(3) soft, dark ore, the latter being most abundant in Furness. The
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following typical analyses will show the composition of these different

classes of ore:
Analyses of Furness iron ores, Ingland.

No. 1. No. 2. No. 3.
Per cent.| Per cent.| Pev cent.
Ferric oxide................. 78.61 T 24 75,33
Protoxide of manganese. .. .. .24 R | O P
Manganese.. ... ... . . ]iiiao il 1.40
Silica. ..ol ... 16. 45 7.36 7.27
Alumina ............... ... 1.87 1.71 2.10
Lime ...l .56 6. 08 .21
Magnesia ... .......... ... .24 .41 .64
Carbonic acid .... .. ... ... ... . 419 ...
Phosphorie acid............. B 1< 2 .03
Sulpburicacid .............. 1 N D
Water......cooeeiiiii.. 2.02 2,82 | ...,
Lossonignition... ... . .. ... ... . ......... 2. 54
Moisture lostat 2120 F. ... |. .. ... .. ... .. .... 10. 00
Total...... . ......... 100, 06 99, 92 99, 63
Metallic jrop ....... ... e 55.03 54. 06 52,75
Specific gravity ... ... 4.34 4,04 3.98

County Antrim, Ireland, is almost entirely covered by a sheet of
basalt of variable thickness., The basalt is nsually divided iuto upper
and lower sheets or layers, separated by theiron-ore beds, which form
a convenient line of division, Parallel to these ore beds, and inter-
stratified with both the npper and lower basalt, are a number of other
ferruginons bands, usnally consisting of ferruginous clay called “bole,” .
with an underlying layer of lithomarge.. The thickness of the pisolitic-
ore bed varies, sometimes very abruptly. When it is thin or has dis-
appeared altogether it is said to have a “squeeze.” Sometimes tle bed
s absent over large areas; in other parts it is indurated by intrusive ‘
dikes. In certain areasithasan ‘amorphous character, no pea-like bodies
being present. The dip of the beds, like that of the basalt, is gener-
ally to the south at low angles. The cxtent of the pisolitic ore and its
accompanying bole and lithomarge is not accurately known, but may be
taken to cover about 800 square miles. ~The pisolitic ore, 1ocally known
as “sliot” ore, consists of soft brown or reddish aluminous ore, which is
generally overlaid by clay, called “brushing.” In this ore sinall and
approximately spheroidal pieces of hard, rich ore, often black, and gen-
erally about the size of peas or less, but sometlmes as large as walnuts,

‘are embedded, the larger being near the top. Some of them are strongly

attracted by the magnet. In thickness the ore varies from 3 or 4 inches
to nearly 4 feet. Under this pisolitic ore, the boundary not being well
defined, is a brownish or reddish ferruginous rock ¢bole” containing
numerous concretionary nodules of basalt. Sometimes the iron is dis-
tributed in irregular layers or nodules, the remainder of the bed having
the character of bauxite. It is moderately hard,and breaks into irreg-
ular cuboidal pieces, the bed varying in thickness from 8 to 17 feet.
Under the “bole” occurs the lithomarge, locally known as “narge,” a
variegated soft rock of prevailing blue-slate color and greasy feel, vary-
ing from 12 to 60 feet in thickness. Like the “bole,” it contains coucre-
tionary nodules of basalt, but they are more numerous in this bed.
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The quality of the pisolitic ore is good, although it varies much in
different parts of the district, the aluminous matrix being more abun-
dant in some portions than in others. As sent to the market it will
yield from 36 to 45 per cent of metallic iron. Its composition is shown
by the following analyses:

Analyses of pisolitic ivon ore from County Antrim, Ireland.

Glenariff. Cargan. Eﬁgﬁ% ] Kﬂ'g;‘k‘
Por cent.| Per cent.| Per cent. | Per cent.| Per cent.

Peroxide of iron............ 62. 43 71. 64 66. 56 65. 42 63,70
Protoxide of iron........... 4.7 V5 T RO U PP,
Protoxide of maganese - .28 .27 110 Traee. [-o.o....
Silica- .o oaoe © B8.40 5.05 5. 47 7.08 6. 30
Alumina .- 10. 1¢ 4.25 C97.92 12.54 12.75
Lime...coocoaeoeaune. .. 2. 80 .81 .68 .20 -10
Magnesia - 59 .61 .16 08 05
Phosphoric acid.......... deenaaies .20 Trace. .02 06
Snlphur ... e .03 Trace. .02
Titanic acid........c.eeens e 8.89 3.68 5. 28 4. 60
Water. . coeeeioiceranaaaa.. 1.8 |.ceieennen 14.34 8.82 12.70
‘Water, hygroscopic ..., b 8.48 6.40 loveneenibiiiinenlon o

Total...... eereammeann 99, 80 100. 00 98.95 09. 44 100.28
Metalliciron.oaeercvnenann. 47. 40 51. 61 46, 59 45.79 44, 60

With the hematites of Cumberland and Lancashire about 10 per cent
of the pisolitic ore is used for fluxing purposes.
Bole yields much less iron thau the pisolitic ore, ranging from 20 to

925 per cent, but contains a larger quantity of alumina; ~TheTatio of ™~

alumina to silica is also higher than in pisolitic ore. This malkes it use-
ful as a flux for the siliceous ores of Cumberland and Lancashire. The
yield of iron in the lithomarge is too small to render it of any value in
iron making except as a flux.

Production.—Her Majesty’s inspectors of mines, in compiling the
Mineral Statistics for Great Britain, class the iron ores under three
heads, viz, the coal mines act (chiefly argillaceous carbonate, particu-

lars of individual returns not being allowed.-underthe -statute), metal: - -

liferous mine'sﬁ.a,et"‘(ﬁgfnprising brown ironstone, aluminous hematite,
and red hematite) and open works. The amounts produced as reported
under these various acts in 1891, 1892, and 1893 were as follows, the
quantities of pig iron which these ores could furnish being also indi-
cated in adjoining columns.

Production of iron ore in Great Britain in 1891, 1892, and 1893.

1ron ore. Pig iron obtainable.
1891. 1892. 1893. 1891, 1892, | 1803.
Long tons. | Long tons. } Long tons. | Long tons. | Long tons. | Long tons.
From mines under the )
coal mines act ...... .. 7,229,150 | 5,644,486 [ 6,560,189 | 2,168,745 | 1,693,345 | 1,968,057
From mines under the !
wetalliferous mines
act. ... 2,576,203 | 2,353,706 2,356,616 1,342,375 | 1,214,785 | 1,231,331
From open works........ 2,972,336 | 3,314,483 | 2,286,671 | 1,017.192 | 1,133,048 ] 779, 306
Total - .o.veenannn.. 12, 777,689 | 11,312,675 | 11,203,476 | 4,528,312 | 4,041,178 ; 3,978, 604
1
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Divided according to boundaries the iron-ore production in 1890, 1891,
" 1892, and 1893 was as follows: )

Iron ore mined in the various countrics of Great Britain in 1890, 1891, 1892, and 1893.

Countries, 1890. 1801, 1892. 1893.
Long tons. | Long tons. | Long tons. | Long tons.
England ...c..oooiiianninn. 12,589,843 | 11,902,711 | a0, 363,501 | 10,288, 778
Scotland .................. 998, 835 748, 336 872,435 847, 406
Ireland - ccocuaona ... 160, 604 104, 292 76,739 67. 292
Wales cenrponeeeaaneannnn. 31,485 22, 350 () ®)
Total ... ao. r 13,780,767 | 12,777, 68% 11,312,675 | 11, 203, 476
aIncluding the Isle of Man and Wales. b See E{lglund.

Divided according to counties in the various countries the produc-
tion in 1891, 1892, and 1893 was as follows:

Iron-ove product of Great Britain in 1891, 1892, and 1893.

Countries. 1891, 1892, 1893.
ENGLAND AND WALES.
Countic. Long tons. | Long tons, | Long tons.
gorkbshire G 5, 2?6, 322 3,493,216 | 4,713,278
e umberland. ... ooiiiieiciieaaaae 1,417,860 | 1,355,938 | 1,352,410
Nt e e e+ == . Lincolnshire., .. .. e 1,214,131 | 1,459,404 ' 1,039,112
Staffordshire ... ... . ... e 1,071,121 1,040, 640 808, 779
Northamptonshire...... .cc.....oaoi 1,043, 541 1,120, 365 719, 071
Lancashire. ..........ooooviiiaiiiia... 977,130 845, 895 876, 672
Leicestershire ....... ... .ccciieoan oo 646,125 680, 985 471, 098
Oxfordshire, including Rutland and
Wilkshire ... ... ... ... e 144,578 157, 095 133, 616
Gloucestershire ... ....... ..o .ceo.n 63, 748 63, 149 59, 309
Shropshire ... iiiaaiaiio.. 54,192 58, 044 54, 506
Glanmorganshire, including Flintshire. 21,539 22,076 18,284
Derbyshire......c...ooooiiiill. 20, 810 13,415 8,545
Monmouthshire.. ... ... ..o il 17, 550 24, 756 18,7
Worcestershire ... .....cc.cvioonana.s 11,197 14, 392 13,400
Durham........ e eeeeaceanan e eeeenn 7,715 9,275 nil.
Devonshire ... il .. 4,360 2,556 110
Warwickshire ... oot 1, 466 948 549
e et R - ~ . Somersetshirg. .. ... .ol 716 881 823
~ . Carmarthenshire ~ oo s nsoteeeeaes b .~ 423 | 54 31
Breconshire ........oc. ... e 389 v 213 180
Cornwall. ..o vveiion i 691 . 124
Nottinghamshire ............. N 1t N AR PR
Isle 0f Man..coiiiieiinennnvannneraonnalocnaacnannn. 13 |
11,925, 061 10, 363, 501 | 10, 288,778
. SCOTLAXD — =
AYTShITO. e e ettt aneane e, 322, 45 337, 210 295, 349
Renfrewshire.........cooenvaioan. B 127, 984 181, 292 121, 117
Dumbartonshire...............o..ill. 101, 515 104, 340 81, 164
Lanarkshire. ..o...coeeeenoveceeeannna.. 87, 247 115, 287 ay, 118
Linlithgowshire.........o..oooovaiat. 50, 257 45, 660 51,417
Edinbuarghshire. . ...l 47,121 72, 205 86, 884
Fifeshire .« oo oo i e o 10,773 14, 835 9,383
Sterlingshire........ eesateeaenetaneaans 494 1,716 2,974
748, 336 872.435 | B17.406
TRELAND.
Ulsterand Leinster_cccvoecoaaeoo.... . © 104, 292 76, 749 ’ 67, 202
Total for Great Britain.........._. 12,777,689 | 11,312, 675 ‘ 11, 203, 476 .

Mr. J. S. Jeans, secretary of the British Trou Trade Association, has
given valuable assistance in supplying the figures of production.
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British importations.—As would paturally be supposed, Great Brit-
ain is a large importer of foreign ores to supplement her generally
lean native ores, and in the year 1893 she drew from various sources
4,065,864 long tons of iron ores, against 4,471,790 long tons in 1890,
3,180,543 tons in 1891, and 3,780,503 tons in 1892, The following table

will show the countries from which the foreign iron ores were obtained -

in the years mentioned:

Iron ores imported into Great Brilain in 1890, 1891, 1892, and 1893.

Countries. 1890, 1891. 1892. 1893.
\ Long tons. | Long tons. | Long tons. | Long tons.
SPAI -+ e cvereanasinenns. 4,028,672 | 2,886,278 | 2,423,183 | 3, 624, 083
' . Algeria................ ... 237, 609 136, 260 150 361 113, 856
~ | Greéue.li.tvwioiiinlll] L 112,764 92,837 |, 126 281 127,029
71 46,517 |, ™~ 255453 | 7 T19,100- < 115,854 ~ e L
Turkey --ccevennennnn-.. 18, 968 15, 002 14, 902 8,499
Australasia............... 3,475 4,514 4, 374 472
Other conntries........... 23, 785 20,199 42,302 75,971
Total .....cveaeue... 4,47),790 | 3,180,543 | 3,780,503

The total valne of this ore as returned by the board of customs, esti-
mated on a basis of §4.84 per pound sterling, was $17,404,911 or $3.89
per ton in 1890, $11,874,490 or $3.73 per ton in 1891, $13 149 409 in 1892
or $3.48 per ton, and $13,503,416 in 1893 or $3.33 per ton.

The iron ore exported from Great Brltaln was but 7, ,067 tons in. 1890
23,394 tons in 1891, and 7,051 tons in 18')2, pmnmpally to the United
States and H olland, while in 1893 8,201 tons were exported, principally
to the United States, Belgium, and Germany.

The following tables will show the production of iron ore, the imports
and exports, the amount of pig iron made, and the material charged
into the blast furnace, including mill cinder, etc., to produce this pig
iron,in a8 many years as such data could be obtained. From this it

would appear that Great Rritain-depended-almost€utitely ipon her™ ™ ™

native ores until 1872 when the imports increased from 324,034 long
tong” fo 801 ,903 long tons, being still greater in 1873, then falling off to
but 458,693 long tons in 1875,showing with some exceptions a subse-
quent growth to 4,471,790 long tons in 1890. The large importation
of foreign ores was stimulated by the production of Bessemer metal,
making a certain character of iron ore essential, and as the demand for
steel increased the amount of such ore used was augmented.

LR NS
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Great Britain’s production of native ores was largest in 1882, viz,
18,031,957 long tons, but it has fallen to an output of but 11,203,476
long tons in 1893, the smallest amount reached for over twenty years.

Statistics of the production, imports, and exports of tron ore in Great Britain.

Years. Production.| Imports. | Exports. Years. Produotion.| Imports. | Exports,
Long tons. | Long fons. | Long tons. Lony tons. | Long tons. | Lonyg tons.
1866 ....... 9,965,012 (... ....... 350 18,026,050 | 2,634,401 95, 489
1867 ....... 10,021,058 [...ceen.. ... 359 17,446,065 | 2, 449, 277 68, 755
1868 ....... 10, 169, 231 114, 435 329 18,031,957 | 3,282,496 21,973
1869 ....... 11,508, 525 131, 321 861 17,383,046 | 3,178,310 8,708
1870 ... ... 14, 370, 655 208, 310 905 16,173,887 | 2,728, 672 8,316
1871 .. ..... 16, 334, 888 324, 034 256 15,417,982 | 2, 817, 597 10, 353
1872 ... ... 15, 584, 357 801, 503 1,124 14,110,013 | 2,878,269 |............
1873 ....... 15, 577, 499 967,536 1, 693 13,008,041 | 3,762,936 56, 934
1874 ....... 14, 844,938 754, 141 1,092 14,590,713 | 8,582, 071 9, 730
1875 ....... 15, 821, 060 458, 893 2, 458 | 14,546,105 4, 031, 265 5,371
N 1876......-| 16,841,584 | - .-872:235 | — - 612 13,780,767 | 4, 471,790 7,567
—~ - - 877 . ... 18,692,802 | 1,140,484 |.......... e 12,777,689 | 3, 180, 543 23,304
e 1878 oonn- .. 15,726,870 | 1,173,860 |...... R 11,312,675 | 3,780, 508 7,051
N 1879 .......] 14,379,735 | 1,083,692 25, 048 1893 .......] 11,203,476 | 4, 065,864 8,201

The progress of the iron industry of Great Britain is epitomized in
the table which follows.

Statistics of the production of pig iron in Great Britain.

e . B _ Years. 'Produgtion.!. . Yeoard. Production.
Long tons. Long tons.
B 2T/ 17, 000 1864........ e 4, 767,951
1788, ccvceemneannn s 68, 000 1865. ... .o......] 4,819,254
1798 o eeeenna. 125, 000 1866 ccum e s 4, 523, 897
1806, - ool a 259, 000 1867 o eiiiiaaaats 4, 761,023
1818 e inna o 325, 000 1868. .. ..l... 4, 970, 206
1820 ceeiveeeaan.. 400, 000 5, 445, 757
J 1532 F R 454, 866 5,963,515
1825, . .oeeo........| 581,367 8, 627, 179
1827 oo 690, 000 6, 741, 929
: 1828 ool 703, 184 6, 566, 451
. 1830 .. cieeeae el 678, 417 b, 991, 408
. 1833« ceeeeaenemann- 700, OU0 6, 365, 462
- T e e e - 1835 e e e 1, 000, 000 _ -| B, 555, 997
1839. ... ... .. K 247,790 .| €, 608, 664 _
1840 o eeeeieea ot 1, 396, 400 6,381, 051 |,
1842, . 1,099, 138 5,995, 337 RN
1844 ... 1,999, 608 .| 7,749, 233 \
1845, (. vevn e 1,512, 500 8,144,449
1847 e ceee et 1,999, 508 8, 586, 68C
1852, ceeiiven aeens 2,701, 000 8. 529, 300
. 1854 ccooeianeaa-...| 3,069,838 7,811, 727
1855. cciveeeen et 3,218,154 7,415, 469
1856, . oo 3, 686, 377 7,009, 754
1857 e vmeanaeans 3,659, 477 7, 559, 518
b B 177 SR 3,456, 064 7,998, 969
1859 .t 3,712, 354 8,322, 824
1860, - <o aeaa- 3, 888, 752 7,904, 214
1861 . oo civinaeaina 3,803, 390 7, 406, 064
1862, v v iaeenaae- 3,943, 469 8,709, 255
1863 - cecee et 4, 510, 040 6, 978, 990




PRODUCTION OF IRON ORES. 8H

The following table will show the number of blast furnaces in opera-
tion in Great Britain, the quantity of pig iron produced, and the amount
of iron ore used in its productjon for each year from 1873 to 1893:

Fuynaces in blast, pig iron produced, and iron ore charged in Great Britain, 1873 to 1893.

Tur- L. Fur- : s -
. Tron ore Pig iron . Iron ore Pig iron
Years. "ﬁﬁf&m smelted. rfade. Years. ng;z:stl-n smelted, mga.de.

Long tons. | Long tens. Long tons. | Long tons.
1873 . ..., 683 | 16,820,035 | 6,566,451 1884 .. ....... 476 | 18,887,505 | 7,811,727
1874 ... ... 649 15, 854, 077 5, 991, 498 1885 Lieeevn-. 434 | 17,937, 066 7,415, 469
1875 ... eneat. 629 16, 559, 753 6, 365, 462 1886 ......... 399 17,297, 483 7,009, 754
1876 ......... 585 17,813, 818 6, 555, 097 1887 ... ...... 405 18, 363, 583 7,659,518
1877 e ot 541 18, 250, 110 6, 608, 664 1888 .. .. ..... 425 |- 19,152, 074 7,998, 969
1878 cevenn.. 498 | 17,299,781 | 6,381,051 1889 .. ...... 445 | 19,683,948 | 8,322,824
1879 ..y ... ... 497 15, 797, 080 5, 995, 337 1890 ...... ... 414 19, 213, 916 7,904, 214
1880.. .. ... 567 | 21,086.740 | 7,749, 233 1801 .......-. ‘376 | 18,518,192 | 7,406, 064
1881 ... .... ) 565 | 20,249 263 | 8, 144, 449 1892 . ... .... 362 { 16,344,454 | 6,709, 255
1882 ......... '~ .H70 21, 249, 462 8, 586, 680 1893 .. ....... 327 16, 620, 653 6,976, 990
1883 ......... 532 1 21,018,275 | .8, 529,300 S A T

- r el een S TR e et~ T A IV

HISTORICAL SKETCH OF BRITISH 1RON-ORE MINING.

The records of the production of iron ore in Great Britain show that

. this mineral was used liberally for the manufacture of iron by the
Romans and Danes, and possibly at earlier dates by the ancient Britons,
Coins, fibul®, pottery, and other articles known to have been used by
the Romans have been found in cinder piles near the Forest of Dean .
(Gloucestershire), in Cumberland, Furness, Sussex, Kent, Worcester-—~—~ . =
shire, Durham, Northumberland, etc. Many old workings, shafts, etc.,
have been discovered, and.in several instances shovels were found
made entirely of oak wood, or merely tipped with iron. The earliest
preserved accounts date back to the twelfth century, and numerous
references are made to working iron ores in writings of the thirteenth
century. ‘

In Scotland no evidences of iron having been mined by the Romans
have been reported, and it is probable that no iron was made here until
about the year 1600. In 1750 a furnace was erected at Goatfield, and
another at Bunawe; in 1796 there were 17 furnaces in Scotland, pro-
ducing a total of about 10,000 tons per annum, while in 1806 there were
27 furnaces, having an aggregate capacity of about 23,000 tons. Records
which have been kept of the production of ironstone in Scotland since
1855 show that the annual output gradually fell off from 2,500,000 tons
in 1857 to 1,250,000 tons in 1868, then increasing with some exceptions
until 1880, when 2,659,317 tous were produced. Since that time the
production has declined, and in 1893 the output was but 847,406 tons.

Although iron ore was known to exist in Ireland at an early date,
Mr. Kendall states that its economic importance was not realized until
1843, in which year an attempt was made to smelt the ore (which was
probably of the “bole” and not pisolitic variety) with coke made from
turf, but this was unsuccessful. In 1861 the beds were again worked,
and since that date have been a contributor to the iron-ore production
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of Great Britain. In that year 165 tons were mined, and with some
exceptions the output showed a gradual increase until 1880, when the
maximum of 239,325 long tons was reached. Subsequently the produc-
tion has decreased, and in 1893 but 67,292 tons were mined.

In consideriug the various districts of England separately, it is found
that while evidences of early workings are met with in nearly all of the
shires, it is only within comparatively recent times that any records
have been kept.

In Cumberland, Mr. Kendall states that it appears that on the death

of the Earl of Albemarle, in 1179, he bequeathed a forge.at Wynefell
(Whinfell) and an iron ore mine at Egremont to the Abbey of Holme
Cultramn. This ore has been worked more or less uninterruptedly to
the present time. In the stewards’ and receivers’ accounts of the
seventeenth and eighteenth centuries mention js made”of royalties
~ received for the Egremont oré. In"1796 the two furnaces at work in
this county are reported to have produced 565 tons of cast iron. Tu
the record of iron ore produced in Cumberland from the year 1849 to
1890 the amount mined increased from 100,000 tons in the first men-
tioned year to 1,725,478 tons in 1882 (the maximum output). Since
that date the production has fallen off, but Cumberland is still an
important factor in the iron-ore industry of Great Britain, 1,352,410
tons being mined in 1893,
-~ The firgt certain reference to early iron mining in Furness is in the
Chartulary of Furness Abbey. The monks of that place worked iron
at Orgrave in the early part of the thirteenth century. In 1282, or
some subsequent year in the thirteenth century, the convent became
possessed of the iron ore under Alinschales, and in the year 1400
obtained a grant of iron ore in 400 acres in Dalton, Orgrave, and Mer-
ton (Martin)., It thus appears that some part of the valuable deposits
which are now being worked in the localities just mentioned were
known at least 600 years ago. In 1565 the bloomaries in the lordships
of Hawkeshead and Coulton were suppressed, because it was feared
by the customary tenants that the continuance of said smithies would
cause a great scarcity of timber, as this was then largely used for mak-
ing charcoal, and 943 timber trees were purchased in 1710 for £1,700,
for use in an iron works in Furness. In 1849 182,000 tons of iron ore
were produced in this district, the quantity gradually increasing to a
maximum in 1882, when 1,408,693 tons were mined. Since then the
output has declined to less than a million tons.

1n Gloucestershire, the Forest of Dean has long been celebrated for
its iron manufacture. Large piles of cinders containing Roman coins,
etc., have been found, and subsequent to the Roman occupation the ore
of the forest was probably converted by the Danes and also by others
prior to the Norman conquest, whence the name “Dane cinders,” given
to large heaps of slag which were found scattered over the forest.
Somewhat prior to 1184 the first charter granted by Henry 11, then
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Duke of Normandy, to the Abbey of Flaxley specifies an 1ron works at
Hdlaud, now Elton, on the eastern side of the forest, so that presum-
ably iron ore was mined in the forest. His second charter, when king,
is more explicit, and describes ‘“an iron forge free and quit with as free
liberty to work as any of his forges in demesne.” In the early part of
the thirteenth century the furnaces seem to have grown so numer-
ous as to cause serious waste of timber in the forest, and Henry II
ordered all the forges, with some few exceptions which he named, to be
removed from the Forest of Dean. In 1282 a ¢“regard” of the forest
was taken, which showed that there were 60 forges at work in the
forest at that time. Numerous mention is made in old documents and
charters as to the number of forges in the Forest of Dean, the amounts
paid as rent, etc. The yield of the iron ores of the forest in 1828 was
stated to be 9,800 tons, growing gradually in amount. A table giving
the output by years from 1854 to 1890 shows that in the former year
85,506 tons of ore were produnced, while the maximum output was in
1868, when 160,722 tons represented the total for the year. The amount
produced has since that time declined considerably, the figures for the
shire 1n 1893 being put at 59,309 tous.

Iron ore is not now mined in Sussex and Kent, but in the earlier -
history of the country considerable ore was won. The last furnace,
however, went out of blast in the year 1828,

Little is known of the iron trade of Staffordshire, Warwickshire,

" Worcestershire, or Salop during the Roman, Saxon, and Norman times, . T
but in the writings of the sixteenth, seventeenth aud eighteenth cen-
turies frequent mention is made of pits of coal and iron ore in this sec-
tion of England. Gough, writing in 1806, says: “Twelve miles east, of
Wellingtonisan extensiveparish, including fourteen villages. Theinhab-
itants are chiefly employed in getting out coal, limestone, and iron ore. -
There are two furnaces worked by a steam engine, one of the largest in
England.” This shows that at this time it was an important iron pro-
ducer. Staffordshire is reported to have supplied 1,000 tons of iron in
1740, 50,000 tons in 1806, and 211,604 tons in 1830. The production of
ironstone in this shire in 1859, when the continuons record commences,
is given as 1,583,000 tons, reaching its maximum in 1871, when 2,218,745
tons were mined, while in 1890 the production was but 1,224,510 tons.
Warwickshire produced 30,500 tons and Salop 197,589 tons in 1859,
reaching their maximum outputs in 1875 and 1864, respectively, when
97,456 tons and 454,000 tons respectively were mined. In later years
the outputs were small, Warwickshire producing about 2,000 and Salop
50,000 tons or less of ore.

In Derbyshire and Yorkshire the earhest Workmgs seem hidden in
obscurity, but Farey, writing in 1811, mentions 23 places where he had
noticed slag and remains of old b]oomaries and charcoal furnaces. In
1740 1,400 tons of iron were made in Yorkshire (West Riding) and 550
tons in Derbyshire. The industry grew, and in 1806 there were in

m—”",‘;
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Derbyshire 18 furnaces, 12 of which were in blast, and 14 furnaces in
Yorkshire, producing, respectively, 10,329 and 27,646 tons of iron. In
1811 the Cleveland main band seems to have been discovered, but was
little worked uutil 1850, since which time the output rapidly increased,
and in the year 1855, when Mr. KendallPs statistics commence, the
Cleveland district produced 865,300 tons of iron ore and West Riding
255,000 tons, Derbyshire mining 409,500 tons.

The output of the Cleveland district reached its maximum, 6,756,055
tous, in 1883, that of West Riding, 785,028 tons, in 1868, and that of Der-
byshire, 492,973 tons, in 1871. The last two, however, have declined in
importance, and in 1890 they produced but 77,433 tons and 23,732 tons,
respectively. Cleveland, while at times showing a diminished output,
still remains the principal source of iron ore in England, having fallen
in but one year below 5,000,000 tons until 1892, when it showed a decline
of nearly 2,000,000 tons, recovering somewhat in 1893, '

In Devon, Cornwall, and Somersetshire, iron-ore mining does not
appear at any time to have reached much importance, the total ontput
of these three shires in 1892 being slightly over 4,000 tons, while the
maximum combined total in one ycar reached only 100,000 tons.

In Durham and Northumberland the present iron-ore industry is
small, but in ancient times it is said that the Romans produced large
quantities of iron there. Its greatest iron-ore output was in 1871, when
196,848 tons of clay band and 88,449 tons of spathic ore and limonite

“Were wrought.

In Northamptonshire, Lincolnshire, Leicestershire, Rutlandshire,
Oxfordshire, and Wiltshire there are numerous accumulations of slag
in which are found Roman coins and pottery, but during the Saxon and
Norman ages iron smelting seems to bave declined, and shortly after
the time of Heury III to have died out. Mr. S. H. Blackwell says:
“An investigation at the close of the exhibition (1851) was rewarded
by the discovery at Higham Ferrers of a bed of ore many feet in thick-
ness. This led to further examination and to the discovery of the
Northampton deposits.” Iu 1855 attention was directed to the iron
ores of Wiltshire, and in 18538 the iron ore in the Lower Lias at Scun-
thorpe, in Lincolnshire, was first worked. About the same time or a
little later the ore of the Middle Lias of Oxfordshire began to be worked,
while the mining of ore in the Lower Qolite, near Lincoln City, was

~ commenced in 1872, In 1882 the deposits at Holwell, Bastwell, Wal-

tham, and Wartnaby, in Leicestershire, were opened. Northampton-
shire, in 1855, produced 74,084 tons of iron ore, and Wiltshire 15,000
tons; Lincolnshire and Qxfordshire made their first outputs of 2,000
and 6,030 tons in 1859, while Leicestershire contributed its first quota
in 1881. The outputs of Northamptonshire, Lincolnshire, and Leices-
tershire increased rapidly, reaching their maxima of 1,550,103 tons in
1880, 1,560,690 tons in 1839, and 977,130 toms in 1891, respectively.
Oxfordshire has never produced 100,000 tons of ore per annum, and
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since 1886 its product has been combined with Wiltshire, which shire
reached its maximumin output, 159,804 tons, in 1871,

Glanmorganshire, Breconshire, and Monmouthshire were also stated
to be the scenes of early Roman operations. The iron ore is mostly
clay ironstone, although some limonite is also obtained, the maximum
output of ore being in 1871, when 1,174,828 tons of the former and
72,766 tons of the latter were mined.

FRANCE.

The iron-ore deposits of France, althongh numerous enough, are
greatly scattered, and, except in the case of the oolitic formation in
the east of the country, there are no deposits capable of feeding any
considerable number of blast furnaces, such as exist in the Cleve-

land district of England or the Lake Superior, Middle States, or Ala-

bama-Tennessee regions of the United States.

Professor Jordan groups the French iron ores under the following
heads: ' _

1. Magnetic and oolitic ores. These ores are of no great importance

to iron manufacturers, and but a small quantity is mined, althongh™ "~

some deposits exist in the Pyrenees, the most important of which are
those worked at Puymorens. These ores are found in beds alternating
with thin strata of mica-schist, and yield about 56 per cent of iron.
They also occur in the provinces of Anjou and Provence and in the
eastern provinces around Mount Canigou. At this place M. Max
Duchanoy states that they form a band from east to west, 15 kilome-
ters (94 miles) long, passing through HEscarro, Thorrens, and Fillola.
The strata are about 20 meters (65 feet) thick, with an average of 45 to
55 per cent of iron and 1.5 to 2.7 per cent of manganese. They are
difficult to mnine, and sell for 9 francs per ton at the mine. The want of
- coke has also aided in preventing their exploitation. These ores are
employed for making crucible, tool, and cast steel-arnd are-smelted-in
the three charcoal blast-farndces at Ria, neat Prades(western Pyrenees),
which consume-about 25 tons of roasted ore each per day and 12 tons
of charcoal, producing 12 to 14 tons of finished iron. M. Duchanoy
also mentions a deposit of magnetite carrying 56 per cent of iron at
Dielette, near Cherbourg, the ore bed being splitinto five vertical bands
7 to 15 meters (23 to 49 feet) thick. The ore is sold in Scotland.

2. Red hematite. The largest deposit of this character of ore is in
the Department of the Ardéche, near the towns of Privas and La
Voulte. This extensive deposit is formed by strata between the Lower
Oolite and the Superliassic marl. The ore varies in character from the
red hematite, with a conchoidal fracture and of agate-like texture
(containiug 56 per cent of iron), to the schistose and even oolitie
hematite (with only 30 per cent of iron). In the neighborhood of Alle-
vard, in the Dauphiny Alps, numerous workings have been opened
upon veins containing spathic iron ore in sandstones and crystalline
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schists. The mineral, a manganiferous spathic ore, much mixed with
gangue, including sandstones, schists, and quartz, often closely aggre-
gated, is brought by iuclined planes, having a fall of 1,638 feet in a
length of a mile, from the mincs on the hillsides to the head of the
dressing floor. The larger sized pieces are cleaned by a water jet and
passed over a continuous picking belt, the mixed pieces are transferred
to spalling tables, while the clean ore falls from the belt into wagons,
ready for the calcining kilns. The calcination of the coarse material is
effected in kilns heated by gas, made in producers. The calcined ore

' is raised to a second picking house, and passed over balanced picking

tables. The smaller pieces are cleaned by crushing and sizing, the fine
powder being passed over a series of wooden rollers carrying horseshoe
maguets to separate the metallic particles, The smallest sized ore trom
the first picking house is treated in a Hartz sand jig, the coarser
ores on double compartment continuous machines. The washed ore is
removed to the calcining furnaces, which are of two different patterns,
one vertical and the other inclined, but both arc heated by gas, The
calcined ore is quenched with a jet of water and carried to an agglom-

-erating machine. Finely ground hydraulic lime is added to the

quenched ore and the mixture is molded in a briquette machine into
blocks weighing 154 pounds. The briquettes are removed by railway
after being dried for a week., In the Aveyron a red hematite, in Infra-
liassic beds, is worked for Decazeville furnaces, but the deposit is of -
but slight impertance. In the Pyrenees, red hematites occur in con-
nection with extensive deposits of brown hematite and spathose ores,
but there is no distinct deposit of red ores.

3. Carbonate ores. While spathose and ironstone ores are met
with in most of the coal districts, the more important deposits are in
the Alps and Pyrenees—the Allevard and St. George’s mines of Messrs.
Schneider & Co., the former being situated on the slope of the Dau-

-phiny Alps and_the latter on the Savoy slope. The Allevard ore is

found in large lodes iiT tue talcoseschists, and comprises several kinds,
varying in color from white to red, according to the stage of decompo-
sition, and known cither as ¢ Maillats” ores, i. e., havir?g large rhom-
boidal crystals, or ¢ Rives” ores, 1. e., ores with a more confused crystal-
lization. The ores of the St. George mines are quite similar to the
Allevard, but are perhaps not quite as rich. M. Duchanoy states
that the St. George vein has a southeast and northwest strike, a
thickness of from 2 to 6 meters (64 to 20 feet), and is traced for a length
of 14 kilometers (8§ miles). The ore contains 50 per cent of iron pro-
toxide (38.8 per cent of metallic iron) and 8 per cent of manganese
protoxide (6.11 per cent of manganese). While there are a number of
excelleut carbonate deposits in the Pyrenees, they are not worked to
any extent except in the Department of the eastern Pyrenees, where
considerable deposits arc found on the slopes of Mount Canigou, not
far from the Mediterranean shore. The principal mines are at Thor-
rent and Sahorre. These ores, unusnally free from sulphur and phos-
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phorus, contain from 45 to 55 per cent of iron and from 2 to 4 per
cent of manganese, with a gangue ‘“which is not infrequently fusible
per se.” ‘

4. Brown hematites. Under this head Professor Jordan inclndes
only such ores as are the least hydrated. Brown fibrous hematites,
always more or less manganiferous, free from sulphur and with only a
trace of phosphorus; have been worked in the Perigord district (Depart-
ment of Charente and Dorogne), but the quantity mined is inconsider-
able. In the Department of Charente are found the (Guillot and Gros-
bot ore, as well as those of Taponnat, but these are not exteusively
worked. The only brown hematite deposits of actnal importance are
such as are contiguous to the Pyrenees. In the vicinity of the town
of Prades are the Fillols and Sahorre mines, which chiefly furnish
hematite ores with a calcareous gangue and soft ores. In the Depart-
ment of Ariége are the Nancie mines. This deposit, which is found
in the Upper Lias, and is very irregular, supplies a mixture of brown
manganiferous hematite with oolitic ore and red hematite.

5. Oolitic ores. The great oolitic deposit, the most important iron-
ore field in France, has its origiu in the Belgian portion of Lnxemburg
and extends through Lorraine to and beyond Nancy, in the valley of
the npper Moselle. It occupies the upper part of the Lias formation,
or, according to some geologists, belongs to the Lower Oolites. The s
bed, which is sometimes single aud at other places subdivided;-haga—""--"""
total thickness varying according to the marly intercalations of from
2 to 35 meters (6.5 to 115 feet). It rests directly on the Superliassic -
sandstone, and is covered with a vast Jurassic platean. The.ore cou-
sists of small grains, generally of the size of a pin’s head, agglutinated
by a calcareous or argillaceous cement, the whole being colored gray,
yellow, brown, or red by the oxide of iron. At some places—IHyange,
for example—they are of a greenish color, a silicate of protoxide of
iron. The iron contents range from 20 to 35 per el eldicigangue is .-
sometimes argillaceous” and sometimes” calcareous. Phosphoric acid,
althougpdsﬁgﬂl in some deposits, not infrequently reaches 1 per cent,
and this is especially the case in calcareous ores. In other parts
of France there are important deposits of hydrated oolitic ores. At
Jussey, in tlre Department of Sadne; at Souvance and Laissey, in the
valley of the Doubs, and at Ougney, in the Jura, these ores are met
with, though less abundantly. The Mazenay mines, in the Department
of the Sadue and Loire, yield phosphoric ores carrying 27 to 28 per cent
of iron. Then there are those of Mondalazac,in the Departinent of
Aveyron, and others not so importaut at Villebois, in the Departinent of
Ain, and the Avelas mine, in the Department of Gard.

6. Granular hydrated iron ores. The supply for the old charcoal
furnaces of Franche-Comté and Berry was obtained fromm deposits of
pisolitic ores. These ores which are granular, the grains varying from
the size of a small pea to that of a hazelnut, are obtained by buddling
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and diluting in water the “mine clay” procared from irregular recesses

' or cavities sitnated eitherin Neocomian or in the Upper Oxfordian lime-

stone. The gangue is siliceous, aluminous, or calcareous. The yield
is from 30 to 45 per cent of iron, with slight traces of phosphorus. The
mines worked in IFranche-Comté were sitnated in the Departments of
Doubs and the Haute-Sadne, and in the Department of Cher, in the
Berry district. Similar ores were woun in the old province of Cham-
pagne, especially in the Department of Haute-Marne, where they were
found in deposits or pocketsin the cracks and depressions of the Port-
land iimestone. These ores are purer than those which rested in their
primitive place, and are called “rock mine.” They are not largely
worked. Other and more important Champagne ores are worked at
the base of the Neocomian formation, in masses intercalated in the saud
deposits. These ores, which are known as ‘“mine demi-Aroche,” are of
superior quality to the milliolithic ores, containing less phosphorus.
After washing, they yield from 38 to 42 per cent in the furnace. The
third variety, also worked in the Champagne, are “milliolithic” ores in
the formn of grains of millet seed, embedded in ferruginous clay in the
upper Neocomian formation, the clay being often pounded and washed.
They are of inferior quality to the ores just described, but can be
worked open cut, and are wou at but little expense. At Poix, in Ar-
dennes, a very considerable deposit is worked in the Oxfordian marls,

“™oem o _SUpDPlying a. pulvernlent ore which is not used until washed and car-

ries considerable phosphorus.

7. Various hydrated ores. Besides the ores already meuntioned,other
iron hydrates are worked, belouging either to the class of hydrated
hematites, with partitioned hollows or cavities, or that of ores arising
from decomposed pyritic veins or lodes, or simply to that of limestone
or sandstone impregnated with oxide of iron. None of these deposits
are of any importance. '

Probably one-third of the iron ore supply of the French blast fur-

““naces is Obtailed TFom foreign mines, principallyfrem those of Algeria,

Spain, Italy, and Germany. e

M. Ad. Carnot, of Paris, engineer in chief of mines, has pubhshed a
work, entitled ¢Minerais de Fer de la Frauce, de PAlgérie, et de Ia
Tunisie,” which gives over 1,500 analyses of various iron ores in I'rance,
supplemented by a number of determinations of Algerian and Tunistan
iron ores. Analyses of most of the iron ores mentioned in this article
are given. This monograph will be found of service to anyone desiring
to investigate the chemical analyses of French iron ores.

In speaking of the French iron industry M. Max Duchanoy says:

The three largest groups of works in France are situated in the north, in the east,
and in the center. The northern group uses the rich imported ores of Spain or the
iron ore turnished by the Longwy Company; the eastern group (the works of
Meurthe, Moselle, and Haute-Marne) utilize the local ores, while the central group,

comprising the works at St. Etieune and Alais, the large installation at Creusot,
and those at Montlugon, use the ores of Gard and Berry.
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The groups of iron-ore mines in France are in a less favorable position
than those of neighboring countries. Most of the iron works are situ-
ated at the coal beds, far from the rich ores, to which they are obliged

_ to have recourse for the production of steel. The large works at Rive

de Gier, St. Btienne, St. Chamond, Commentry, Montbrison, Creusot—
the steel works of France—are sitnated at the fuel supply, and at long
distances from the ore beds of the Alps, Pyrenees, Anjou, and Algeria.
Foreign iron ores and those from the frontier departments bring 30, 40,

~and 45 franes per ton delivered at the furnace, and it is ouly through

perfection of management that France has been able to sustain her
iron industry under foreign competition.

Of the imported iron ores, the Algerian cost in 1893 45 francs per ton at
the furnace; the Elba ore, 43 francs (it costs but 13 francs at the mine);
the Spanish ores of Cartagena and Bilbao, 43 franes, and those of the
Pyrenees 36 francs at the furnace, the latter being worth 10 to 16
francs at the mines. Mr. Duchanoy thinks it would be a great advan-
tage to locate the works nearer to the iron-ore mining centers, which
would reduce the cost per ton of iron.

Through the courtesy of Professor Jordan the following table is pre-
sented, showing the production of iron ore in France, the imports and
exports, as well as the a,mount of pig iron manufactured Accordin g
1860, a,nd from that time on the amount mmed has ﬂuctuated accord
ing to the demand, being greatest in the year 1892, when 3,707,000
metric tons were produced. The minimum output was in 1871, when
but 1,852,000 metric tons were mined.

The imports show a comparatively constant increase from the year
1860 until 1883, since which date they have remained practically station-
ary, with the exception of two years, when there was a decided decline.

The largest amount imported was in the year 1892, when 1,683,723

countries.
The largest emount exported in any one year was in 1873, when
52,845 tous were sent away. The amount fell until, in 1879, but 66 652
metric tons were exported, then rose and continued sta,tionary untiI
1887, when it again suddenly advanced to 281,128 tons, since wh1ch it
has remq,med practically stationary.

e St e e I

metric tons.were reported-as- being -broughkt~is~fox m"va,rlous forelgn" T
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The maximum make of pig iron was in the year 1883, when 2,069,430
metric tons were produced, the 1893 output being 2,032,567 tons.

Production of iron ore and pig iron in France, and the imports and exports of iron ore.

[Metric tons.}

i Trou ore.
- ‘ Pigiro
Years. g 1ron
‘ Eﬁ?gu: Imports.b | Exports.d made.
1819, el ) 112, 500
1, 694, 000 266, 361
2, 249, 000 347,978
1, 821, 000 405, 653
3, 033, 000 208, 000 70. 000 898, 353
3,198, 000 309, 000 64, 000 966, 894
3, 366, 000 375, 000 85,000 | 1, 090, 837
3, 275, 000 436, 000 66,000 | 1,156, 875
3, 137, 000 458, 000 91,000 | 1,212 750
3,011, 000 477, 000 153, 000 | 1,203, 710
1866. ... ... l... 4, 162, 000, 450, 000 138,000 | 1,260, 348
1867 et 2,772, 000 492, 000 150,000 | 1,229, 044
. 1868 e 2, 684, 000 554, (00 196, 000 | 1,235,308
1869. .. ......... e 3,131, 000 592, 000 239, 000 | 1,380, 965
1870, ... ..., 2 614, 000 489,000 | - 145 000 | 1,178, 114
1871 .. 1,852, 000 378, 000 136, 000 869, 641
1872, oL 2,782, 000 668, 621 337, 000 1,217,838
1873 e 3, 051,124 720, 516 352,845 | 1,381, 626
187 et 2 516, 548 801, 000 213, 060 | 1,415, 807
18D oo, 2, 506, 870 832 708 179, 668 | 1,448,272
1876, ol 2,393, 340 849, 186 105,190 | 1,435, 212
1877 e 2,426, 279 976, 631 79,112 | 1,506,827
. 1878. . ieeeeo.. .l 2469 953 032, 385 80,000 | 1,521,274
1879. . . ... 2,271,173 941, 812 66, 652 | 1, 400, 286
igg? ................... 2.874, 263 1, 167, 506 114,796 | 1,725 293
................... 3,032,070 | 1,286, 760 88,202 | 1,886, 350
anatna i O S L+ - BV I 3,467, 251 1,425, 878 121,000 | 2, 039, 067
1883, . el 3,207, 853 1,601, 217 105, 000 | 2,089,430
1884 ..\, 2076948 | 1,412 724 120,000 | 1,871, 537
1885 it 2,318, 104 1,420, 003 89, 561 1, 630, 648
1886 oo 2,285, 648 | 1,158, 639 103,936 | 1,516,574
1887 . .. el 2,579, 465 1, 154, 405 281,128 | 1,567, 622
1888, . ... 2,841, 737 1,310. 695 204,244 | 1,883, 340
1889 ... oo 3,070,389 1,442, 363 261.563 | 1,733, 964
1800 . oieevvi i 3,471, 718 1,610.242 285,366 { 1,962 196
1891 .. ..o 3,579, 286 1,437,527 208, 550 1,919,185
1892 L. 3,706, 748 1, 683, 723 309, 000 | 2,067, 258
1893, . 3,647,423 1,630,442 (... .. 2, 032, 567
R @ Fignres of produnction according to the ofticial Mineral Statistics.
[ b Figures of imports and exports from the cnstoms statisties.
T ST S Mg e - e .
SPAIN. e - )

While the pig-iron industry of Spain has not advanced so rapidly as
that of other European countries, her large deposits ot iron ores at-
tracted the attention of foreign capital, and companies were formed to
operate them, The principal localities heretofore yielding these oresare
situated in the Biscayan Provinces of Oviedo, Santandcr, Biscaya,
Guipuzcoa, etc., but those that have been most extensively worked are
in the viecinity of Bilbao, the mines of which form three groups, those
of Somorrostro, Galdames, and Ollargon.

The ore is described by Mr. Henry Newton as ¢ hydrated peroxide,

occupying veins or lodes in rocks of Cretaceous age, quite rich and
particularly free from phosphorus and sulphur.” He continues: “The
ore, as greater depths are reached 1 the veins, is found to be only a
gossan, or oxidized outerop, the mass of unchanged deposit being
spathic iron ore (carbonate ores), containing, however, a greater pro-
portion of sulphur than the gossan ore.”
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Magnetic and specular ores are also found in the southern provinees,
in Murcia, Malaga, Seville, etc. Some ore is also mined in the interior
provinces, but these deposits have not obtained commercial importance.

BILBAO ORES.

Mr. H. Bauerman describes the Somorrostro mines as ‘“being con-
tained in an oval area, 24 miles long and three-fourths of a mile broad,
in the hill called Monte Traino, where the ore forms a bed inclnded
between sandstones and limestones of the Upper Cretaceous (Senonian)
period.” The ores are of three kinds, distinguished as Campanil, Vena
dulce, and Rubio, whose average compositions are as follows:

Analyses of iron ores from Somorrostro, Spain.

e e st o s | Vena ;

‘ Campahil.-| - dulve.” 1° Rubl_o_.%

DPer cent. Per cent, Per cent,

Ferric oxide..cocereieninnns 80. 80 90. 50 77.85
Manganous oxide ......... 1.132 .20 |-,

) 531 2,482 . 634 .50

Magnesia ..oo-ooviaaaons Trace. Trace. Trace.

Aming coo oo iiiiiiiiia e e a 1.50

Silica. oo 5, 55 1.88 8.50

Organic matter............ e

Loss on ignition........... 3 8.931 5.80 10.60

Total eeueeneneennnn. 08. 045 100. 014 98, 05

Motallic iron.............. 36. 56 63.35 54. 50

Mr. Bauerman says:

The Campanil ore is red both in mass and powder, moderately hard, and asgoci-
ated with caleite. 1t forms the upper part of the bed, and from its structure appears
to be an altered spathic ore. In depth if passes into the richer and softer Vena dulce.

.Both kinds are called red hematite, but they are not improbably turgite, judging
from the amount of volatile matter shown in the analysis. The Rubio ore is limonite
of spongy or mammillated structure found along the ontcrop of schistose sandstones,

~which contain altered nodules of carbonate of iron. The actual thickness of the
main bed has not been proved, but it is known to be more than 200 feet. The¢ Rubio
ore forms an escarpment that rises to a height of 300 feet.

These ores have been worked for ages in the Biscayan forges and are
noted for their reduecibility.

In discussing the variations in Bilbao iron ore, M. Cyriaque Helson,
in ¢“La Sidérurgie en France et a PEtranger,” says:

Campanil ore is csscntially an anhydrous oxide with a calcareous gangue. It is
gtony, with a bright red dnst. The texture is compact, but often crystalline.
Numerous fragments present rhomboidal nodules transformed into peroxide of iron.
The large number of analyses which have been published enable us to define Cam-
panil as an ore containing 6 to 9 per cent of silica and 3 to 5 per cent of lime and
magnesia—that is to say, having a self-fusible gangue. The proportion of iron
varies from 53 to 54 per cent. Vena ore is an anhydrons peroxide of iron, compact
but friable, with a small quantity of clayey gangne, which causes it geuerally to
have an earthy appearance. When dry this ore is very rich, and frequently yields
as much as 64 and cven 65 per cent of iron. Practically, however, it rarely yields
more thau 58 to 60 per cent, on account of the large quantity of -water contaiped.
The gangue exists as an aluminous silicate, which is readily fusible. Rubio oveis a

T e e T (e
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hydrated peroxide of iron with siliceous gangue. DBut as the gangue is siliceous, it
has to be mixed with limnestone in the blast furnace. While Campanil and Vena
are ores of clearly defined type, Rubio is, on the contrary, an ore varying from one
extreme to the other. There arc all the intermediate varieties, from rich Rubio with
54 to 56 per cent of iron and 8 to 10 per cent of silica down to ordinary Rubio with
48 per cent of iron and 15 to 18 per cent of silica, and even to actual ferruginous
sandstone.

As long as the metallurgy of irou was represented solely by the Catalan furnace
and the Chenot furnace and its varieties, the only ore worked was the Vena, which
the miners obtained with difficulty by means of tortuous and primitive sabterra-
ncan galleries. For blast furnaces where wood (charcoal) was employed, Campanil
soon became the ore par excellence. Being porons and easily penctrated by gases,
it required no mixture to be added, and furnished pig of a uniform character, even
in the smallest furnaces. In the treatment of Rubio, especially ordinary qualities,
it was necessary to employ hot air and coke furnaces of large capagitysand now
that rich ores have become rare, Rubio with 15 to 18 per cent™of silica forms the
principal element of the charge for the furnacés of ‘the Nervion Valley.

e Tk folloWing analyses show the composition of some of the typical ores:

Analyses of iron ores from Bilbao, Spain.

Orconeera Iron Coinpany,

Limited.
Franco-Belgian Company of the Somorrostro 1mite

mines. Brown hematite,
Rubio,
Red
4 hematite,
Raw |Roasted | Campa-
Vena. | Rubio. C%‘?lpa' carbon- | carbon- |  nil. %zign' Andra.

ate. ate,

Per cent.|Per cent.|Per cent. Per cent.[Per cent.| Per cent. Per cent.| Per cent.

Loss from bheating...... 5. 90 7.17 9. 60 36. 28 7.70 9. 60 8.25 1 10.55
Silica . ’.. - 1,05 11.30 6. 00 2,70 3.60 5.0 8.10 8.80
Alomina. .15 2,07 .7 B AR .21 1.44 1.15
Lime .... :

1.00 .30 5.00 2. 87 1.17 3.61 1.00 .50
Magnesia, .. . . :

Protoxide of iron....... 50.80 ool el
Peroxide of iron........ 5.31 81.82 78. 63 79.96 | 78.29
Protoxide of manganecse. L30 [ooeiiinnifoaniiat B 1 Y P J R
Peroxide of manganese.|......... 1.54 ) DA D N DR 14 , 86 .70 .74
Yron PYTites cooeve e fieniiana]ieniaan, traces. .45 | traces. [ceeeca-afeaaiiidiieinii
Phosphoric acid....... | traces. | traces. | traces. |.........|......... .03 03] .02
Total cveveaenianuas 100. 30 99.71 100.10 | 102,62 99, 99 99, 90 | 100,03 | 100.07
Metallic iron...........| 65.49 | 5413 | 53.10 | 42.83 | 57.27| 54.62| 35597 | 5L80

In commerce only the first three qualities of ores are recognized, but there isa fourth
which, before long, will assume great importance, viz, carbonate of iron. This ore
is found in thick masses at certain points.. It is of crystalline texture; its gangue,
which does not exceed 8 to 9 per cent, is formed of practically equal parts of lime,
magnesia, and silica; yielding only 40 to 42 per cent of iron in the raw state, but
which is easily increased to 54 to 56 by roasting. Hitherto this ore has been
udworked and scarcely recognized by the Spaniards, who underrate its importance.
The ore is somewhat pyritous, but this element largely disappears with careful
roasting.

In 1887 the compiler of these reports, in a contribution to the Trans-
actions of the American Institute of Mining Engineers,’ showed that
up to that date the recorded total production of the Bilbao mines of

1Vol. XVI, p. 168.
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Spain was practically equal to the gross output of all the iron ore mines
of the Lake Superior region of the United States. Reduced to long
tons the statistics showed at that time the following: :

Comparison of product of iron mines of Bilbao, Spqin, with those of Lake Superior district.

Bilbao dis- LakeSuperior

trict. [ district.
) . Long tons. | Long tona.
Total production to closeot 1886............... 28,575,872 | 30,879, 014

Yearly average production. ..ooeoo ool 1, 058, 366 1, 143, 667

Subsequent to 1887, however, the development of the Lake Superior
region has made it outrank the Bilbao district, the total for the past
seven years being, for the Lake Superior region, 31,867,452 long tons,
and for the Bilbao district, 28,143,193 metric tons.

In a paper on “Transporting and dressing iron ore at Cabarceno,
Spain,” Mr. Frederick Kensington says:

The deposits of iron ore in the provinees of Biscaya and Santander appear to occupy
8 pogition in the Upper Jurassic formation, and are the products of replacement—
that is, sparry or spathose ores were the primary minerals from which the limonites

have been produced and redeposited by the action of oxygen and water; but there
exist, especially in the province of Santander, other deposits, the origin of which it is

not 80 easy to explain. . e e =
T e N et 2 N e

Extending from Solares through Cabarceno and Obregon to Guarnizo, and embrac-
ing an area of about 90 square miles, js a valley whose general level is 600 to 700 feet
above the sea, the Jurassic or Neocomian limestone being here covered by surface
deposits of soft argillaceous drift, containing limonite interspersed in the clay in
pieces varying in weight from several tons to that of fine grains of sand, by far the
greater quantity, however, being the size of shingle or gravel. The amount of ore

varies from 5 per cent to40 per cent by weight of the cluy with which it is associated.

These deposits overlie the limestone and are 180 feet thick in some places, while in
others they are not more that 2 feet thick.

In some places extensive deposits are also found between spurs of the limestone
or deep basins far up the side of the mountain, upward of 1,200 feet above the level
of the sea. The ore is of two distinct varieties, one part consisting of heavy water-
worn pebbles, bowlders, and shingle of hard, compact nature, containing 58 per
cent to 59 per cent of metallic iron, and the other of soft, porous pieces of Rubio,
similar to that of the Bilbao district, ovidently the result of replacement, these
pieces containing more silica, less metallic iron, and being much lighter than the
bowlders and pebbles.

The existence of these deposits of iron ore in the Santander district has long been
known, but until it became evident that Bilbao could not maintain the large annual

output, only small amounts were occasionally riddled or sifted out of the surround-

ing earths by the land owners, and u few cargoes were sent to Rotterdam, Philadel-
phia, and the Middlesborough district, but the rcsult was unsatisfactory. The ore
contained too much clay, while the expenses attending its preparation for the market
and transport made its competition with the Bilbao ores impossible. ‘

In the Cabarceno district it was found that generally the amount of iron contained
in the clay was about 460 to 480 tons in 1,000 centimeters of ‘‘wash dirt,” or about
6 hundredweight in a cubic yard, while places were cut into whence more than 15
hnndredweight was.extracted. '

16 GeEOL, PT 3 7
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In the quality of ironstone, but little variation existed. Many samples were washed
by hand, dried at 100° C., and analyzed with the following results: Metallic iron,
59.50 per cent; silica, 1.70 per cent; sulphur, 0.08 per cent;; phosphorus, 0.038 per cent.
Samples subsequently taken from a pit 25 feet deep gave results as follows: Metallic
iron, 58.99 per cent; manganese, 0.30 per cent; silica (insoluble), 4.50 per cent;
alamina, 0.28 per cent; sulphur, 0.10 per cent; phosphoric acid, 0.02 per cent. An
average of five cargoes sent to Germany at the end of 1892 gave: Metallic iron, 57.17
per cent; phosphoric acid, 0.047 per cent; sulphur, 0.044 per cent; silica, 2.41 per
cent. The iron ore was washed by machinery, and being a bulk sample, represents
more accurately the commercial value of the deposits.

A company formed in 1889 to work a concession of 500 acres in the district of
Cabarceno, erected washing machinery, constructed a line of chain railway, 18 inches
gauge thronghont, from this place to the margin of the bay, and there erected the
necessary ore-cleaning plant. In the first year of the company’s work 23,000 tons of
washed ore was turued out, giving 57 per cent of metallic iron when dried at 100°C.,
while in 1893 it was expected that 40,000 tous would be produced. Two other under-
takings of the same description have lately been started, and it is proposed to

"erect machincry in the Bilbao district to wash the dump heaps, whick contain valu-

able mineral. The cost of this mineral free on board is about 4 shillings per ton,
exclusive of royalty and administration charges, but it should be possible to reduce
this. The cost of production must in all cases of this kind depend greatly on the
quantity turned out, there being a certain establishment charge. Putting the out-
put at 40,000 tons per year and the valuc of the mineral earths washed at 460 tous to
490 tons per 1,000 cubic meters, the cost is as near as possible 4 shillings free on
board, this amount representing the cost of digging at the mine, the cost of carriage
of ‘“wash dirt’’ to the washers, washing the mineral, conveyance to the port, quay

e dues, and cost.of putting on board.

MINES OF SOUTHERN SPAIN,

Mr. A. P. Wilson, in a paper on “The iron ores of the Mediterranean
seaboard,” read before the British Iron and Steel Institute, says:

The iron-ore producing provinces of the south of Spain—and especially those of
the Province of Almeria—will unquestionably play a large part in the immediate
future as exporters of iron ore. The ores from this Province are already fairly well
known, and the outpnt, which at present is steadily growing, will shortly increase
with great rapidity. Several purchases of mines in the sonthern provinces of Spain
have been made during the last two years, chiefly by Bilbao mine owners, and as
soon as these properties have been opened up and transport to the coast has been
provided for, a great increase in the quantity of iron ore exported from these prov-
inces may be confidently predicted. There are ores of every class in the southern
districts—brown hematites, low in iron, high in water, both frec and combined, and
producing about 80 per cent of smalls; hard purple hematites, carrying 55 per cent
of iron and 3 to 4 per cent of manganese, 80 per cent being lumps, and mangan-
iferons ores, containing over 50 per cent of iron and 12 per cent of manganese, The
principal iron-ore producing provinces of the south of Spain are Murcia, Almeria,
and Malaga, and the production for the past three years has becn as follows:

Iron ore produced in southern Spain.

Provinces, 1891. 1802. 1893.
Tons. Tons. Tons.
Mureia............-.. 350, 000 388, 000 300, 606
Almeria.............. 163, 224 174,350 | 115, 000
Malaga..........._... 99, 580 70,700 | 55, 000
Total..ov.oo.... 612, 813 633, 050 170, 0600
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The decrease in production for 1893 is accounted for to a great extent by the coal
strike which took place in England in that year. It will be seen that the prodne-
tion of the whole of the south of Spain is at present only from one-sixth to one-
eighth of that of Vizcaya (Biscay) alone, but year by year, as the prodnct of the
latter declines, that of the former may be expected to increase, and the outputs of
the north and sonth will gradnally approach each other. The deposits, however, of
the southern provinces are not in any way so extensive as that of Bilbao, It is prob-
able that all the workable deposits at present known in the senth do not contain
more than one-half the quantity of ore that was once available in the Bilbao mines.
On the other hand, the mines of the south have several advantages over those of the
north; labor is there considerably cheaper, the climate is much drier, and freights,
taking the average of the whole year, are not in excess of those which are paid from
the nearer port of Bilbao,

A large proportion of the ore, too, is superior to the Bilbao ores, the southern
Campanil being of better quality than the average Bilbao Campanil, in that it con-
tains more iron and less silica, while the northern district can not boast of sueh ores
as the manganiferous ores of the Herrerias, in Almeria, and of the Cartagena district,
in Murcia. The lowness of tho Mediterranean freights is accounted for by the fact
that larger steamers can load cheaper at ports on the southern coast of Spain than
at Bilbao, which is a shallow-water port. Moreover, the amount of dispatch money
earned under charters of steamers from the sonth of Spain is large. This dispatch
is not; earned from steamers which load at Bilbao. The present freight per ton from
Bilbao to Middlesborongh is between 5s. ($1.21) and 5s. 6d. ($1.33), while from the
south of Spain ports, snch as Garrucha and Almeria, it is 8s. 3d. ($2); but steamers
from the south of Spain pay 10d. ($0.20) per ton for loading and 10s. ($2.42) per honr
dispatch at both ends, which is worth 2s. ($0.48) per-ton, As the tonnage of the
world is increasing rather than decreasing, it is only fair to suppose that the differ-
ence in favor of the south of Spain will be further. demonstrated as time goes on.
The principal iron-ore mining centers in the south of Spain are: Cartagena, Calas-
parra, Morata, and the Sierra Enmedio, in the Province of Mnrecia; Herrerias, Sierra
de Bedar, and Sierra Alhamilla, in the Province ¢f Almeria; and Marbella, Robledal,
and Istepona, in the Province of Malaga.

In no case do these sonthern depesits ocenr as true lodes or veins; they have inva-
riably becn produced as beds or deposits by a system of replacement. They cceur
for the most part upon schistose rocks, and are covered by limestone or dolowite.
Therc can be no doubt that at one time the limestone rested on the schistose rock,
and that, in the course of ages, they were gradually dissolved by acid waters carry-
ing iron, which metal replaced the disselved limestone. As a general rule, there is
in these southern deposits no clear division between the iron ore and the limestone,
the former, as it were, growing into the latter. Hard, isolated masses of limestone
occur also in the midst of the ore bodies, On the other hand, the division betweon
the iron ore and the underlying schist is quite clear and well defined. At the point
of contact the schists are generally altered or decomposed to a soft white clay or
kaolin, while lower down they are hard and of a blue color. The deposits are all
gitnated in the slopes of mmountain ranges, and are in nost cases very favorably
placed for working by open cut.

IRON ORES IN THE PROVINCE OF MURCIA.

In the Province of Murcia the Porman deposits of iron ore near Car-
tagena are well known as a source of iron ore for industrial purposes.
In the interior of this I’rovince, however, there are large deposits as
yet unopened, and little known to the commercial world. Their remote-
ness from any shipping port severely handicaps them in competing
with seaboard ores, but with improved facilities for transport they may
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ultimately become available for export. The deposits referred to, known
locally as the Calasparra iron ore, consist of four separate groups of
mines occurring in the form of an arc of a circle 20 kilometers (about
12 miles) long, the mineral concessions covering an areg of 430 hectares
(1,063 acres). The largest of these groups is near the station of Calas-
parra, on the Cartagena and Madrid Railway, 140 kilometers (87 miles)
from Cartagena. Both red hematite and magnetic oxide oceur, and
both ores are hard and compact. An average sample of each kind
gave: '

Analyses of iron ore from Calasparra, Spain.

Red hem- Mugnoet-

atite, ‘ ite.
’ Per cent.; Per cent.
Silica and insoluble........ 1,67 10.16
Sulphur ....... ... ... .054 L0319
Phosphorus. .............__ Trace. |. .241
Metallic iron .............. 57.00 | 5400

Mr. Wilson says that all of these deposits can be worked on the open-
cut system. The railway earriage from Calasparrato Cartagena amounts
to 4.95 pesetas ($0.96) per ton, and when the mincs have been connected
with the railway at Calasparra it is estimated the total cost of the ore
on board at Cartagena will be as follows:

Cost of mining Spanish 1ron ores,

Tesctas.

Mining. .ooocveeencaaaaann ceenen 1.50
Transport by cable............. .26
Transport by narrew gauge. ... 1.00
Avntomatic loading ............. .10
Rail to Cartagena . ... _...... 4.95
s 0. 50
Loading on steamer .. _......... 1.00
General charges.............-.. . 60

Total..ccvveeinna e 9.80

At the current rate of exchange, this is equal to about $1.89 per ton.

Mines of Morata.—Some 45 kilometers (28 miles) west of Cartagena,
and at a distance of 17 kilometers (104 miles) from the coast, the
deposits of Morata are met with, occupying valleys formed by the
Sierra Almenara, and branches or spurs of the same, and extending
southward toward the Sierra Enmedio. ' The mineral concessions
cover an area of nearly 500 hectares (1,235 acres), and the available
supply of iron ore has been variously estimated at 4,000,000 tons,
5,000,000 tons, and 8,000,000 tons. The output from this district is at
the present time much reduced, the annual production not exceeding
12,000 to 15,000 tons, and this from one mine only, where the mineral
is gained by underground workings., The mines suffer the disadvan-
tage of not having direct communication with the coast. - The ore is
carted to Parazuelos, an open roadstead, and the steamers are loaded
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by means of barges. Notwithstanding these difficulties the cost of
. the ore, put on board, does not exceed 6 pesetas (say $1.16) per tou.
The ore is red hematite, and the outcrops are numerous and can be
traced for considerable distances, though some have been proved only
to a depth of 8 meters (26 feet). The various deposits have a general
direction of northwest to southeast. .

The following is an average analysis of the ore, dried at 212° F.:

Average composition of iron ore from Morata mines, Spain.

Per cent. Per cent.
Peroxide ot iron ............... 72. 00 Oxide ot zine ... . .............. .03
Protoxide ...................oL. Nil. Carbonic anhydride...... ..... 7.10
Peroxide of manganese .._..... 2.96 Combined water ............-.. 4.00
Alumina ... . .ol .80 _
Lime........ ....... e 7.28 Total. ..evveivnii ot 99. 89
Magnesia ..... ... 1.30 —_—
Baryta ..o ieal .07 "Ironin tho dried ore ........... 50.40
Silica .. ool 4.30 Iron in the raw ore............. 47.89
Sulphur.... ..o all .02 Moisture .......cocooiioaiiia.. 4. 99
Phosphoricacid. ............... 0.03

Nierra Enmedio.—This district has been somewhat disappointing, the
estimates of quantity, based upoun surface indications, not having been
realized in depth. At present only one mine, the Santa Isobel, is in
active operation. This mine is worked by open cut, and maiufaiiis an |
average annual output of about 25,000 tons. The shipping port is
Aguilas, with which the mining district is connected by 34 kilometers
(21 miles) of railway. The ore is a red hematite of excellent quality,
and is nearly all Inmps. The following shows the average contents:

Average composition of iron ove from the Sierra Enmedio district, Spain,

Per cent.
Iron (in dried ore)...... About 50.00
Manganese (indricd ore) 1.00 to 1. 50
Siliea. ... 1.50 to 2. 50
Sulphnr. ... ... ... Traces to .002
Phosphorus .....-...... Traces to .002 -
Moisture (@) . .oovaean-.. .50 to 5. 00

& Varying with the seasons of the vear.

Notwithstanding Aguilas has a good harbor, the loading facilities
are not of the most economical kind. The ore is tipped from the rail-
way wagons onto the jetty, is there loaded into carts, moved a short
distance, then shoveled from the carts into the steamers which lie
alongside. In this way 800 to 900 tons can be loaded per day. Steam-
ers up to 3,000 tous can lie alongside, and steamers of over 4,000 tons
have been loaded, but these have to lie some distance away from the
jetty. The cost of the ore put on board ships at Aguilas may be taken
at about $1.45 per ton, which includes 2.17 pesetas ($0.42) for railway
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cdrria»ge. Freights from Aguilas are rather higher than from other
south of Spain ports, on account of the harbor dues.

IRON ORES IN THE PROVINCE OF ALMERIA,

The I’rovince of Alneria is particularly rich in iron ores, and con-
tains nearly every variety-—brown hematite, carrying 48 per cent of
iron and 10 per cent of water of hydration; rich manganiferons ore con-
taining 53 per cent of metallic iron and 9 per cent of metallic manga-

‘nese, with only 3 per cent of moisture, and magnetites, carrying up to
G4 per cent of metallic iron. Beginning at the eastern end of the
Province, the first mine of importance is the Herrcrias de las Cuevas.
This deposit consists of beds of red hematite and manganiferons iron
ore, separated by layers of decomposed schists, and the whole is covered
by a mass of what islocally called “limestone,” but which is in reality a
highly siliceous oxide of iron, or “gossan,” This mine was formerly
worked Ly the Campania de Aguilas below the level of the Almanzora,
which flows within 50 meters (about 160 feet) of the workings. The
river broke in and flooded the mine while this company was working
it, the bottom of the open cut being 17 meters (58 feet) below the
level of the river. After lying idle for some years, & London firm took
over the mine and built a masonry retaining wall 120 meters (394 feet)
in length and 12 meters (39 feet) mgh, which has successfully held back
the river. As a result of this work there is now available a large area
of iron-ore bearing ground, a large portion of which can be and is
being worked by open cut. The ore as it is broken is hanled from
the bottom of the open cut up inclined planes. The mines are con-
nected by a narrow-gauge railway 5 kilometers (3 miles) in length with
Palomares, an open roadstead, and here, as at most iron-ore shippiung
places on the south coast of Spain, shiploading has to be done by means
of lighters.

The following may be taken as an average analysis of the general
bulk of the dried ore from the Herrerias d¢ las Cunevas mine, after
expelling 3.23 per cent moisture: .

Atverage composition of iron ore from Herrerias de las Cuevas, Spain.

Per cent. Per cent.
Peroxide of iron..covansneoo. 75.21 )| Phosphoric acid..... _....._.... 0. 018
Peroxide of manganese ........ 13.44 Cobalt ....._.. i . 200
Alumina .......... ... S 95 [ Soda oeo i . 360
LA e evecee e e iiaee i .24 Combined water ................ 4. 200
Magmnesiad ... ..eeen Lo .09 —
Silica ......... e 2.12 Total.eoveiimaieiaa oo, 99. 844
Suiphate of barivm ..._....__.. 2,72 e
Copper. coueiii i .007 | Metalliciron. ... ... .......__. 52. 65
- R TES 1) (1 S Trace. || Metallic manganese............. 8. 50
Antimony.........o.oooeiio.n L1865 [ Sulphur......ooooall .373
) 77 ) B .034 || Phosphorus........ e . 008
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Subjoined is an analysis of the ore specially rich in manganese:

Analysis-of manganiferous iron ore from Herrerias mine, Spain.

|

Per cent. Per cent.
Peroxidc of iron................ 40.33 || Sulphur. ..o .. .ol 0.38
Peroxide of ruanganese ._...... 45,80 |] Water..... et 4.20
Phosphate of ime... ... .. .18 —
| 030301 PR 2.12 Total...... ..o, 09, 74
Carbonate of magnesia......... .50 —
Carbonate of zine ..........._.. .88 || Metalliciron........_......... .| 28.23
B 23:1 o0 71 . 2.80 || Metallic mauganese -............ 28.95
Alamina . ...l .45 |} Phosphorus............. ...l .037
SIliCa tenevieactee e 2.10 || Sulpbwr....._.._ ... e . 388

The available gqnantity of this ore, however, is inconsiderable, and it
is so mixed with the ordinary iron ore of the mine that its selection as
a distinct class of ore wonld not be remunerative. The so-called ““lime-
stone cover” has been here worked for silver. It carries about 11 onnces
to the ton, with 19.41 per cent ferric oxide.

Mr. Wilson asserts that the cost per ton of working and putting the
iron ore on board ship at Palomares may be estimated as follows:.

Cost of working iron ore in the Almeria district, Spain.

Pesetas.
Getting and piling tho ore... 2.26
Carriage to Palomares....... 1.00
Loading into steamers....... .- 1. 00
Management and sundries...._ ... .. .50
Royalty .oooeeicii 1.00
B 0] T N 5.75

This is equal, at current rate of  exchange, to about $1.11 per ton.

The present output of this mine is about 5,000 tons of ore per month,
and is inereasing. The ore is in good demand at works in England and
Wales for the manufacture of spiegel iron for the Bessemer process, and
it commands a high price.

Sierra de Bedar.—In this distriet there are numerous iron-ore mines,
some of which promise to develop into properties of magnitude. DBut
few of the niines are being worked, owing to the want of communica-
tion with the coast. The locality is about 16 kilometers (10 miles)
inland from Garrucha, which is the shipping port for the district. The
ores are hematite, limonite, and magnetite, and their occurrence is
practically the same as has already been described. The ore from
some of the mines is very small, only from 10 to 15 per cént being of a
lumpy character, but there are properties which yield nothing bnt
hard, Inmpy hematite of the first quality. All the producing proper-
ties are being worked by open cut, and the annual output is about
150,000 tons.

T e ————
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The prineipal mines are Jupiter, Porfiado, and San Manuel. The
ore, which occurs as brown hematite carrying 48 per cent iron and as
soft purple hematite carrying over 60 per cent iron, lies on mica-schist
rock, and is covered by schist or, in some places, by limestone. There
are also numerouns masses of schist and limestone in the ore itself.
The schist overburden, being soft, is easily and cheaply removed. The
workings have been carried on to a depth of over 50 meters (164 feet).

The ore is sent down self-acting inclined planes and is conveyed to
the coast by means of a cable trammway 15,656 meters (51,366 feet) in
length, the longest in Spain. About 400 to 500 tons are conveyed by
this ropeway per day of 10 hours, and the cost is about 1.25 peseta
(80.24) per ton. The ore is tipped at the terminus at Garrucha on the
beach, where a large stock is kept, and from this heap tramroads run
out onto small wooden jetties which project into the sea until a suffi-
cient depth of water can be attained to enable the flat-bottomed light-
ers carrying about 60 tons each to come alongside. These are loaded
with baskets of ore, are then rowed out to the steamer, which lies about
400 meters {one-quarter mile) from the shore,and the ore is hoisted on
board. It is wonderful with what rapidity this work is carried out; as
much as 2,000 tons can be loaded in one day by these means at a cost
of about $0.20 per ton. '

Cost per ton of iron ore on board ship at Garrucha, Spain.

Pesgstas,
Miping and tramming to ropeway. station............ 2.00
Carriage to Garrucha. ... .. oLl 1.25
Rovalty . oo e e 1.00
Putting on board ship, cte...... e cama s 1.00
Management, ete ... e iiaa e .60
41 I 5,75

At the present rate of exchange this is equal to about $1.11 per ton.

Besides the mines above described, there are many properties in
private hands on which little development work has been done. There
are also magnetite deposits which have not as yet been developed in
any way. :

Mr. Wilson says that it has been estimated by competent anthorities
that in this district there are available upward of 7,000,000 tons of
marketable iron ore. The following are typical analyses. No. 1 is the
soft hematite, a large proportion of which is smalls; No. 2 is the hard
purple hematites of the district, and No. 3 is an analysis of the mag-
netites found in the Sierra de Bedar.
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Analyses of iron ores from the Sierra de Bedar district, Spain.

1. 11. III.

Per cent, | Per cent.| Per cent.

Peroxide of iron . ........... 8514 79: 460 7L.71
Protoxide of iron........... P T 13.37
Peroxide of manganese ..... 3.48 2.399 1.58
Oxide of lead ... ........... None. |.......... e eean-
Oxide of copper............. 1 2 DR DU
Alomina ...... eeeavenmeaae. 1.52 L2714 .35
Lime oo 1.63 2. 340 5. 26
Magnesia .oooo oL 43 .54k 36
Baryta oo evenn il .420 Trace
Silica. ... cceeiao.n eaaian 4. 60 7.250 1.45
Sulphuric acid ........ . .03 029 ). L.
Phosphorie acid - 04 . 036 . 008
Sulpbar. .. ... ... PR R I .03
Oxideof zine. ... ..o oo e eaae .06
Arsenic ... .. ..ol Trace. |.......... Trace.
Lead, cobalt. nickel.........|...... e 032 |l
Combined water.._._........ 2.76 } 7 040; 3.70
Carbopic acid............... 70 . 2.15
Total. oo ocneeeee et 100, 11 99, 824 100. 028
Metallic iron, dry ore....... 59.60 55.622 60. 60
Iron in raw ore..........ee-. 55. 87 49,615 |..........
Manganese indry ore.......|...c ... 1.517 {.cvennnnn.
Sulphir.. oo oo 1) - P 1
Phosphorug .txe.civnaaiann ) T 016 ]........ -
Moistnre . .....coocoidennno. 6,260 JO.BOO LL.Lenl et e

Sierra Alhamilla.—There are three principal groups of mines in this
district, viz, Los Banos, Alfaro, and Lucainena. The first named is sit-
nated about 18 kilometers (11 miles) in a northeasterly direction from
the port of Almeria, at an elevation of 480 meters (1,575 feet) above sea
level; the second is situated about 5 kilometers (3 miles) to the west of
Los Banos, at an elevation of 580 meters (1,903 feet) above sea level;
while Lucainena is 16 kilometers (10 miles) north of Los Banos, and is
about 1,000 meters (3,281 feet) above sea level. ‘

The ores in all three groups are hard red aud purple hematites, con-
taining 3 to 4 per cent of manganese; in Los Banos, also, there is a small
proportion of ochreous brown ore, poorer in iroa and more porous in char-
acter than the prevailing mass of hematite. The ore bodies occar
between schist and dolomite, being covered by varying thicknesses of
the latter and in places by a conglomerate of limestone and iron ore,
and are favorably situated for working by open cut. A series of
benches are formed 10 to 12 meters (33 to 39 feet) apart, the cover is
taken off and tipped at the side into deep ravines, while the ore is let
down by inclined planes to the ropeway station. TFrom the port of
Almeria there is a railway of 3-foot gauge which extends in a north-
easterly direction for a distance of 16 kilometers (10 miles), having its
terminus within 1,500 meters (4,921 feet) of J.os Banos mines. These
1,500 meters of steep ground are bridged over by a cable tramway,
which is ou the single rope system, is self-acting, and is constructed to
deal with 35 tons of ore per hour.

The Alfaro group of miues is connected with the same railway at a
point a short distauce below its inland terminus by means of a cable

T —————

e —
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tramway on the double-rope system. The length of this ropeway is
5,300 meters (17,389 feet). The method of shipping at Almeria is the
same’as at Palomares and Garrucha. In two or three years’ time the
harbor whielt the Spanish Government is building at Almeria, and which
is now in a forward state, will be eompleted, and it will then be possi-
ble to load from the mole, alongside which the steamers will lie. The
Lucainena group of mines has recently been purchased by Bilbao mine
owners, and active work has been commenced with a view to opening up
the property sc as to enable a large output to be dealt with. The iron
ores of the Sierra Alhamilla are eminently suited for the Siemens stecl
process, as well as for the Bessemer process, their exceptional purity,
added to their lumpiness, rendering them formidable competitors of
Bilbao Campanil cre. For some years past the ore from Los Banos and
Alfaro has heen shipped in large quantities to the Cleveland district,
to Scotland, and to Wales, for use in the Siemens process, for which it
has been found very suitable. The ore is mined practically all as lump
ore, the only ‘‘smalls” present in the delivered ore being occasioned
by breakage in shipment. _ e .
e ——Age0rding to Mr, Wilson; the quantity of ore available in the three
T groups has been variously estimated at 4,000,000, 5,000,000, and 9,000,000
tons. The following are analyses of the ores from these three different
groups of mines:

Analyses of iron ores from the Alhamilla disirict, Spain.

Los Banos.¢| Alfaro, : Luecainena,
: Per cent. Per cent. | Per cent.
Peroxide of iron._............ ... ..., 74,14 69. 69 77,09
Peroxide of manganese............... 5.18 4.07 6.82
Oxides of lead, copper, aud zinc....... None. Noue. None.
Alumina ..... e e 1.54 0.00 0.00
Magnesia ... ... ... il Ceenenn 1.73 4,08 0.72
Lime .ooon oL 1. 81 6. 25 2,04
Silica..... et aeeaaaiaeianaan 5.50 2. 23 5.44
Carbonic anhydride ......-. I, D I 1 I R
Sulphuricacid. ... ... L. .05 0.00 | Traces.
Phosphoric acid............. (Lol .02 Traces. Traces.
Argenic . ...l None. |oeemeiene i foeaanianan,
Combined water. . .._.......... ..., A5 N U
Loss by calcination ... . ... ... g .ieiiii 13. 44 7. 94
1 5 ) 99, 28 100. 36 100. 95
Metallic iron in the dryore......... ;. 51. 90 48.78 53. 96
Metallic manganese ..,............... 3.27 2.95 4.31
Moisture .......oviiiiiiii il § P T P R,

a Dried at 212° F.

A
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These mines are only in course of being opened up, but as this is
beivg carried out with much energy it may be expected that the output
from all of them soon will be largely ihoreased. The cost of working
and putting the ore on board ship at Almeria is as follows:

Cost of working and shipping iron ores in the Alhamilla district, Spain,

Alfaro. | Los Banos | Lucainena.
Pesetas. | Pesetas. | DPesetas.
Working and delivery to cable........ 1. 500 2.125 2. 000
Trausit by cable to railway ... .- .376 .125
Railway carriage to Almeria . 1. 250 1. 250 2.500
Loading into steamers........... .- 1. 000 1. 000
T 2 L 1.000 1.000 1,000
Management aud sundries_-........... . 625 .625 . 625
Total. ... ab. 750 a6.125 6.125

a At the current rate of exchange these total costs are equal to about $1. 11 and $1. 18 per ton.

IRON ORES IN THE PROVINCE OF MALAGA.

Marbella.—These well-known iron-ore mines are sitnated about 53
kilometers (34 miles) from the coast, near the village of Marbella, some

50 kilometers (31 miles) southwést of Malaga.—-The mines.are connected '

L

with the coast by a private railway of 1 meter gauge worked by loco-
motive power, which terminates in a pier 1,300 feet long, alongside of
which steamers with a draft not exceeding 21 feet can be moored, The
cost of carriage from the mines to the coast, including the loading of
mineral into steamers, amounts to 25 cents per ton. The oreis entirely
magnetite, and is found in one deposit with a width of from 10 to 40
meters (33 to 131 feet), considerably faulted in its course. The work-
ings are altogether underground, and the greatest depth yet attained
is 180 feet from the surface. The output of ore varies from. 70,000 to
30,000 tons per annum, and the most of it is sent to the United States.
The estimated cost of winning the ore and placing it in the trucks
ready for carriage to the coast is about $1.20 per ton, exclusive of roy-
alty, and the present selling price is $2.52 per ton, free on board at
Marbella. An analysis of the ore dried at 2120 F. gives:

Analysis of Marbella iron ores, Spain,

1]

‘ Per cent. Per cent.
Peroxideof iron ...... ..o ... 57. 857 Phosphoric acid................ ,018
Protoxide of iron ....... . ... 26. 585 Comhined water................ . 690
Protoxide of manganese ....... "Lrace. —_—
Alumina .cooo..oco i miiia o . 336 Total...ivaemaurininaenans 100, 02
Lime ......... .. . 504 —_——
Magnesia .. 5. 290 Tronin the dryore... ... ..... 61.17
Silica.....-. -.| 8,630 MoiSture - .o, .eev e .26
Sulpbnr.. ..ol 0. 090

Estepona.—At Estepona, some 30 kilometers (184 miles) sonthwest of
Marbella, there are several iron-ore deposits, from which a few cargoes
have been shipped, and, although none of the mines are being worked,
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there are rumors of some of them being reopened soon. The mineral

here is magnetite of good quality, as will be seen by the following

analysis: : \
Analysis of iron ore from Estepona, Spain.

Per cent. Per cent.
Peroxideof jron............ ... 56,78 (| Siliea. . .. il 3.55
Protoxideof jron............... 25.08 (| Water...... .. .cieicioiioou... .50
Protoxide of nanganese........ A0 ) Alkali.. ..o oo .29
Carbonate of lime._...... .. ... 4.00 —_————
Sulphateoflime. ... ........_.. .06 Total. ... coooieiiii... 89,92
Phosphate of lime.-............ .05 =
Carbonate of manganese....... 2,52 )] TXOD.ccereien it ianiaan ., 59.25
Magnesin........_ ...l .- 5.89 || Sulphur.. ... ...l .014
Aluming .....oooaiiiiiil .70 || Phosphorus ..................... .01

Robledal.—There is a group of iron-ore mines on the Sierra del Roble-
dal, distant from Marbella about 22 kilometers (14 miles), in a northwest
direction. Situated as these mines are, on the northern slopes of the
sierra, which attains aheight of 4,000 to 6,000 feet above sea level, they
are inaccessible until a railway or cableway to the coast has been pro-
vided. As at Marbella, the ore is entirely magnetite, remarkably free

Fom impurities. Froii analyses of samples taken from different mines
of the group, metallic iron varies from 61 to 66 per cent; siliea, from
0.30 to 43 per cent; sulphur, from traces to 0.04 per cent; phosphorus,
traces, The mineral occurs between serpentine and limestone. The
area of the mining concessions of this group is more than 300 hectares
(740 acres). -

San Mathias.~About 10 kilometers (6 miles) northwest of Marbella
there is another group of mines, known as the San Mathias mines, in the
valley of the Rio Verde. Though more accessible than the Robledal
mines, this group is unconnected with the coast. The ore here is “mag-
netite,” but is not so good as at Robledal. An average analysis gave: '

Analysis of magnelite from San Mathias, Spain.

Per ceni.
Metallic iron......... 57.93
Alumina ............. 2.94
Silica ...... N 8. 02
Phosphoric acid...... None.
Sulpbur...... cemeen . 04

The area of the mining concessions of the group is about 200 hec-
tares (500 acres). '

IRON ORES IN THE PROVINCE OF SEVILLA.

At Pedroso and Guadalcanal, on the Sevilla-Merida Railway, there
are large deposits of iron ore. The mines at the former place are about
10 English miles from the nearest railroad station, from which to the
port of Scvilla is about 53 English miles. The Revista Mineria states
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that a railway is to be constructed, and that arrangements have been
made to carry the ore to Sevilla for 4 pesetas ($0.77) per ton. The roy-
alty is stated to be $0.15 per ton on all ore extracted. The ore is
said to exist in erormous quantities, and to yield trom 55 to 65 per cent
of metallic iron. The same authority says that for the working of
another group of mines, situated only about 2 miles from the Pedroso
station and 43 miles from the port of Sevilla, an English company has
been formed under the title of the Iberian Iron-Ore Company. Analy-
ses made in BEngland show ore with 57 to 67 per cent of metallic iron.
Guadalcanal is distant about 110 kilometers (68 miles) from Sevilla.
The ores from all these places will be shipped at Sevilla, which is not a
good shipping port, for only steamers of light draft can lie alongside
the wharf, at which there is but limited accommodation. The mines,
especially in the case of Guadalcanal, will be seriously handicapped
by such high railway freights, which are more than twice as much as
is paid by any other iron-ore company in the south of Spain. The
following are stated to be average analyses of the iron ore of Guadal-

canal:
Analyses of iron ore from Guadaleanal, Spuin,

No. 1. No. 2.

. Per cent. | Per cent.
Silica--cireiennacionnnanae, 5.85 0. 40
Lime ... ittt .60
Sulphur ...l .02
Phosphorus. .. __......._... Trace. .04
Peroxide of iron........... 78. 30 97. 67

Peroxide of manganese.... 1.82 [een.n. ...
Moisture .......... ememaan 8.75 1.52
Total .. ' | 94.72 | 100.15

Metallicireu............... l 54, 81 68.30

IRON ORES IN THE PROVINCFE OF HUELVA.

Although the Province of Huelva. does not appear at present in
the list of exporters of iron ore, there are large deposits of this min-
eral, which, however, is not of a very high class. At the Rio Tinto
mines the oxidized capping of the pyrites lodes, which has been
removed in the process of working by open cut, has been stacked,
and there are now enormous quantities of this mineral available,
exceeding 2,000,000 tons. The impurities of the ore, however, not-
withstanding its high percentage of iron, are much against it, as the
subjoined analysis of a sample illustrative of the whole lot will show,
the arsenic present especially being a formidable obstacle. This ore
could be put on board at Huelva at a cheap rate, on account of the
excellent facilities which the Rio Tinto Company has for carrying and
loading, and it is possible that some works, especially on the Conti-
nent, would use large quantities for making cheap iron. The ore is
hard and lumpy throughout, there being no smalls; it is of a lightish-
red color, and of a porous character. There are also deposits of iron
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ore at Fregenal, on the Huelva-Zafra railway, but situated as they
are, more than 100 kilometers (62 miles) from the coast, the question
of freightis a serious one, and they are not at present being worked.

Analysis of iron ore from Rio Tinto, Spain.

Per cent. Per cent.
Peroxide of iroN..ieceveeancan.. 77,927 Copperoxide .....coevvvienaa... 0. 07
Protoxide of ironm............... .50 Antimony oxide.......... ..., J13
Sulphide of iron... ............ .98 Combined water. ............. . 6. 90
Sulphuricacid.................. 1. 67 Moistore ... .c..oooiiiiiaann.... .45
Sihca. .o el 6,72 e
Ahming ....oo.ooooieeaaoo. 1.89 Total ..o oo oL, 99, 924
Lime . oo ia i .45 —
Magnesia.......cooooiaana.l “...] Traee. || Tron... ...l 54. 48
Phosphoric acid................ . 064 Sulphnr... ... ..ol 1.2
Arsenions acid................. 1.24 Phosphoras .....ooouia... . 028
Leadoxide . ..ocviiiiancrannnnn. 1.59 Arsenic . ... .o..... .90

Large quantities of pyrites from the Rio Tinto district are exported,
and the clinker resulting from roasting this is sold to blast furnaces to
be used as an iron ore.

It will be seen from the foregoing observations that an almost con-*
tinuous series of deposits of iron ore extend along the southeastern
coast of Spain, commencing with the Porman deposits at Cabo de
Palos, and continuing at no great distance from the coast through the
Provinces of Murcia, Almeria, and Malaga, finally trending northwest
to the farther inland districts of the Province of Sevilla, With im-
proved facilities for transport many, if not all, of these might be properly
worked.

The iron-ore mines of Asturias, although the ore is less pure and
more refractory than the Bilbao ores, produce largely. Mr. R, Oriel
states that ‘the deposits consist principally of Devonian, Silurian,
and Cambrian quartzites, impregnated with iron oxide somewhat high
in phosphorns.”

Mr. J. D. Kendall, in speaking of the deposits in the Province of
Malaga, says that the ore-bearing section forms part of the mountain-
ous region known as the Serrania de Ronda, and extends from the shore
of the Mcditerranean Sea to an altitude of about 6,400 feet. All the
rocks met with in this region belong to the Archean age, the strata
being much distorted, and freguently assuming high angles. The depos-
its usually present the form of bedded veins, generally with high angles,
but sometimes the inclination is notf great. The roof or hanging wall is
dolomite, and the line of contact between the ore and the roof rock very
irregular. The foot wall is serpentine, sometimes associated with gneiss
and mica schist. At the Mariebella mines the ore vein is lenticular in
form, the direction of the deposit being northeast and southwest. It is
~about 800 feet long, its greatest breadth and depth being 200 and 420
feet, respectively. The hanging and foot walls consist mainly of amphib-
olite and mica schist. '
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In the south some of the larger Spanish veins have been extensively
qunarried near the surface, and this system has in some instances been
continued long after the time when, owing to the increasing depth, it
would have been cheaper to work underground.

The Bilbao ores are all quarried, the deposits being near the sarface.
Most of them have a thin covering of soil and rocky debris, although
some, as those on Triano Mountain, are overlain by shale or limestone,
but these rocksare thin as compared with the ore,and are easily removed.
‘Where the concessions are small and elose together there is often diffi-
culty in disposing of the overburden and rock, unless arrangements can
be made with a neighbor for space. Powder is mostly used in quarry-
ing, but dynamite is also employed to enlarge the bottoms of holes so
as to concentrate the actiou of the powder.

In the following table of analyses of Spanish iron ores an average of
6 cargoes of Porman ore is given, which was received at Pennsylvania
and New Jersey furnaces. The percentage of phosphorus is very low,
ranging from 0.01 to 0.025 per cent. In the analyses, of which this is
the average, the range of iron in the undried ore was from 49.1 to 51.88

per cent:
Analyses of Spanish iron ores,

Iron.

————————| Phos.
Dried at | In natn- | phorus.
2120 ¥, | ral state.

Salphur.

Per cent. | Percent. | Per cent.| Per cent.

0% 1T £ 52.812 50. 656 0.02 |[..........
Camargo:
Highest. comeeemee e 53,70 [....... T P
T ) A P 49. 85 (1515 T P
Marbella:
Selected lump................ e e, . "6L65 |.......... . 009 0.01
Sulphurous lump. ... ... 62.925 |_......... .04 .636

Sand ore. .. ..o e 59,650 |.......... 1) U T P
Somorrostre iton ore from Bilbao, bpam .
(Jameaml mines—

-l

Mr. H. C. Babbitt gives the following analyses of 43 cargoes (about
110,000 tons) of Porman ores imported from 1888 to 1893, and of 12
cargoes (about 42,000 tons) of Rubio ore, imported durmg the same
period :
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Analyses of Porman and Rubio iron ores.

I Porman. Rubio.
Average.| Highest. | Lowest. | Average, | Highest.| Lowest.
. Per cent. | I'er cent. | Per cent.| Per cent.| Per cent.| Per cent.
Moisture.....ocua.... 5,66 9. 60 1.76 10. 07 17.79 6.17
Dried at 212°;
Ironinore......... 51.37 55.47 45.75 52.97 56. 38 45. 65
SiHea ... ... .. 14,09 20. 10 8.50 14. 80 20. 50 1.09
Phosphorus........ .01 . 037 . 006 017 . 025 . 010
sSulpbur........._ .. ,231 .494 Trace. 172 . 450 .40
Manganese ........ . 568 .410 60 |l
Alumina. .......... 3.33 6. 32 LBC0 e [
Time. e eeaeennn.. 1,077 2,010 LB60 Lo oo,
Magnesia ...... e . 369 .757 Trace. |:-oov.o il
Lead ... . ....... .624 1.571 None. [ceeeevefoea oo, e
Zine «.............. . 256 1. 340 None. ... i i |iaeaaaaas
Avrgenic......... ... . 034 . 106 None. | oo o o L

Concessions arc granted by the governors of Provineesfor working iron
ore at approximately 31 cents per acre for the ground demised and 1 per
cent on the gross production, the grantee being permitted to work the
mineral or to sell the concession for a fixed sum, or rent it on a royalty.

Mr. J. D. Kendall states that the royalty paid on Bilbao ores is some-
times as high as 2 shillings ($0.48), the average being about 1 shilling.

The foregoing details will illustrate the sources from which the large
exploitations of iron ore are derived and the possibilities of a contin-
uance of these.

M. Alexartdre Pourcel supplied most of the data for the following
table, showing the iron-ore production of Bilbao, that of the whole of
Spain, the exports of iron ore, and the quantity of pig iron made.

Production of iron ore and pig iron in Spain; also iron ore exports,

1 1ron ore production.

— X Pig iron
Years. Bilba Tgta{ for | Exports. made.
N . opalin.

!

B 1
Metric tons.|Metric tons.|Aetric tons. Metric tons.
69, 816 173,503 |.-ooiiaia .t e

54, 869 130,209 |oceennnen. .. s
70. 460 213,192 |............ W
70, 720 202,676 (... ........ |
120, 470 253,121 | .. oouo... e eane
102, 360 191,648 | ... ...... e
89,912 180, 131 931, 102
136, 075 254, 481 811, 211
154, 120 385,563 | 1, 159, 684
164, 800 311,345 | 1,329, 848
250, 337 436,586 | 2,532,274 |....
403, 142 585, 762 391,436 !,
402, 000 781, 468 749, 802
365. 340 811, 926 800, 381
10, 821 402, 952 711,126 |..
34,296 520, 095 336, 603
432,418 908, 89Y 638, 496
1,040,264 | 1,162,170 | 1,277,423
1,305,656 | 1,703,051 | 1,807,029 |............
1,262,671 | 1,754,295 | 1,048,181 |............ !
2 683,627 | 3,565,338 | 2,932 887 85, 939
2,620,626 | 3,502,681 | 3,088,703 114, 394
3,855,000 | 4,726,203 | 4,025,233 120, 064
3,627,752 | 4,526,279 | 4,225,827 139, 920
3,216,321 | 3,007,266 | 3,967, 607 124, 363
3,311.419 | $,933,208 | 3,796,743 159, 225
3,185,228 | 4,166,946 | 4,187, 526 57, 728
4,198,601 | 5,796,266 | 5,215,712 | 148,000
3,631.593 | 4,500,000 | 4, 464,385 165, 000
3,901.511 | 4,318,795 | 5,051,613 225, 000
4,326,933 | 5,788,743 | 5,708,811 243, 366
3,719,660 | 5,679,600 | 4,343,834 [............
4,573,560 | 5,405,142 | 4,773,827 247, 329
4,018,650 | 5,497, 540 | 4,646,877 260, 450
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PORTUGAL.

Iron ores of good quality occur in many parts of the Kingdom, but
with few exceéptions all the mines are practically abandoned. This may
be acconnted for by the poverty of the country in coal and the absence
of forests. The following iron-ore deposits of Portugal may be men-
tioned:

The hematite bed of Quadramil, in the Province of Traz-os-Montes,
occurs in the Laurentian rocks, may be followed for a distance of 5
miles, and is frequently 66 feet in thickness. The veins in the same
province in the Braganza district now produce but little ore. The ore
deposits of Moncorvo, also in the Traz-os-Montes, consist of a number
of lenticular beds in the Laurentian rocks. The beds, which are some-
times 328 feet in thickness, have a gentle dip, and are frequently
traversed by qnartz veins. They contain both red hematite and mag-
netite. The detritus detached from the hills by rains forms extensive
surface deposits in the valleys. The iron ore in beds is said to contain
from 39 to 59 per cent of iron. Inthe district of Odemira, in Alemtejo,
iron and manganese occur as lodes, as surface deposits, and as deposits
of sandstone containing iron. The lodes are wide, traverse the Lauren-
tian limestones and slates, and contain hematite, pyrolusite, heavy spar,
and quartz. The production of iron ore in Portugal is probably below
10,000 tons annnally.

Analyses of Alvito Portugal iron ores.

No. 1. No. 2,
Per cent. | Per cent.
SiHCR aevveevecsaecnnencn 3.85 7.56
Protoxide of iron.......... 25. 20 23,32 ,
Peroxide of iron........... 65. 93 55.48 .
Alnmina..._..... e 4.47 6. 57
Oxide of manganese....... Trace. | None.
Lime ... ... ............. .66 .68
Magnesid,.coeenennn ..o Trace, 4.34
Phosphoric acid . ._....._.. Trace. | Trace.
Sulphur «.eeonnaiiial .31 .01
Moisture ...cceoonnnou .. None. 1.60
Total v.eoovveeenn ... 100. 32 99. 56
Metalliciron o..cvceeen. ... 6. 93 56, 96
SARDINIA.

Iron ore is mined on the island of Sardinia, and in the year 1890-9L
10,190 metric tons of ore were produced.

The deposit of magnetic iron ore at St. Leon in the fiscal year
1865-66 produced 13,810 metric tons of ore. No ore was reported as.

mined in 1889.
SWEDEN.

No country possesses greater interest to the metallurgist than
Sweden, which has for centuries beeu a producer of iron .ores and a.
manufacturer of iron and steel of such character as to merit recognition

16 GeOL, PT 3——38
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as standards of excellence. In fact the long-established qnality of its
product rather than the quantity made, encourages a presentation of
the mineral resources of Sweden in considerable detail as far as they
relate to iron ores. Its iron and steel industry is also unique in its
continued dependence upon charcoal or wood, even refuse and sawdust
being converted into gas in suitable producers, and its chief reliance
upon magnetic ores. ‘

Geological relations.—Sweden shares with Norway the Scandinavian

peninsula, of which it forms the eastern and larger part (58 per cent),
extending from 692 to 55° north latitude, a geographical situation cor-
responding to Alaska.. The greatest length of Sweden, about 1,000
miles, extends from considerably within the Aretie zone to below the
northeastern extremity of Prussia, while the greatest breadth approxi-
mates 250 miles, The area of the mainland and the islands amounts
to 170,660 square miles, of which about one-twelfth consists of water.
Mr. Hjalmar Lundbohm (vide Swedish Catalogue II, statistics) says:
" The mountain regions of Sweden have their greatest development in the northern
and western parts of the country; narrowing in to the Norwegian frontier, the high-
land descends as a vast sloping plateau toward the Gulf of Bothnia. The upper
part of this plateau inclines gradually and contains many large lakes and cnormous
marshes; then the lakes decrease in size, the valleys become steeper, and the moun-
tains are covered with forests, and finally the coast landseape commences, with its
broad glens and numerons traces of the former intrusion of the sea. Over all this
platean arms or branches from the fells or mountains are to be seen in the form of
broad ridges, many falling away some distance from the coast, others, on the eon-
trary, stretching as far as to the sca, disperse into rich groups of islands, or force
themselves between the lakes and become united to the lower platean of mountains
and woods which occupy a part of the sonth of Sweden. The lowland oceupies a
part of the littoral along the Gulf of Bothnia, and appears farther south in the nat-
nral depression, which is marked by the lakes in central Sweden, and contains the
plains of Upland, Westmanland, Westergitland, and Ostergétland; and again in
the plains which surround the wooded platean of Sméiland, and of which that of
Skéne is the most important.

The largest lakes lie in the great irregular dip or depression which
extends across the Kingdom between the North Sea and the Baltie, and
in an earlier geological period formed a broad channel between these
two seas, but of which, owing to the elevation of the land, only some
few of the larger basins now remain. The prineipal of these is Lake
Venern, 2,150 square miles in area, third in size of European lakes, and
Vettern, 732 square miles in area, and these are of great importance to
the communication of central Sweden, as they are the chief points of
the principal canal system of the Kingdom. The entire country is
dotted with many large and small lakes, several of which have an area -
of more than 40 square miles. Mr. Lundbohm says:

There are two conspicunous features which explain why Sweden is different from
most of the other parts of Europe as regards the general character of its natural
features. The country is situated around the center of the ancient Scandinavian
land ice, and in the greater part of the country only two of the geological series, the
oldest and the youngest, are represented. Thus the uneven, undulating surface of
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the rocks, belonging to the Archea.n series, is in general covered with Quaternary

deposits of gravel, sand, and clay. Among the Archean roeks gneiss is the most

common, occupying nearly all of the southwest of Sweden and a very broad belt

along the east coast, from Vestervik, sonth of Stockholm, all the way to the boundary

of Finland. The wnitformity of these districts is, however, often broken, partly by

the presence of granite, diorite, gabbro, hyperite, ete., partly by the oceurrence of

sowme fine-grained rocks, which are supposed to be the youngest part of the Arehean.

From a practical point of view these rocks are more important than any others, on
account of their connection with the iron ores, the purest and richest of the latter

occurring in the limestone hiilleflinta and granitite, especially in a large belt running
from east to west across the country from the Baltic to Vermland, not far from the
Norwegian frontier. Thoungh this is the principal iron-bearing district of Sweden,

very important iron ores are also found in other places, as in Lapland, S6dermanland,

and Ostergtland.

Varieties of ore—The iron ores of Sweden consist principally of
“black ore” or maguetite, hematite, or specular ore (peroxide or sesqui-
oxide), all of which are generally called ¢mountain ores,” to distinguish
them from the lake and bog ores, which are won in Sméland and several
other provinces. The magnetic ores often havelarger or smaller quanti-
ties of specalar ore mixed with them, sometimes in such proportions as
to make it difficult to decide to which species the ore should be assigned.

The magnetite and specular ores belong to the primitive or Laurentian
" formation, and occur with few exceptions as beds or stratified masses,
the dip of which commonly approaches more to the vertical than the
horizontal. The thickness of the ore bodies in the southern part of the
country generally varies from that of a veinlet to 100 or 150 feet, and
in nearly all of the mining fields there are commonly found several
parallel beds separated from each other by more or less sterile rock.

The geological arrangement of the Swedish ‘“mountain ores” varies,
but from a metallurgical point of view they may be divided into three
groups. The first division embraces the ores lying in more or less euritic
or granulitic gneiss, and containing generally some feldspar, and there-
fore more alumina. The most typical ores of this group lie in granite,
which is generally red in color and somewhat gnelssw. Most of them
are specular ores, often marked by a distinet striping, ¢ caused by repeated
alternations of pure iron-ore seams with others of eurite and quartzite,
in snch a way that the same series of beds may contain hundreds of
seams of ore, intermixed with barren rock. The ores lying in the gueiss
rocks proper are generally magnetites, sometimes rich in silica.

The ores of the second division are generally purer and more con-
centrated than those of the preceding division, and have well-defined
boundaries. In most instances they appear as lenticular layers embed-
ded in rock, often arranged in rows, The deposits of this division are
often of great width but of less longitudinal extent than those of the
first division. Some of these ores are remarkable for the quantity of
magnesia which they contain, and although they can commonly be
smelted without any or sometimes with a small amount of lime as
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flux, when the rock is rich in magnesia, fornmerly both lime and quartz
were used in the reduction of the ores. Now the method is changed,
and generally no quartz is used, but ores rich in silica are mlxed with
those more basie.

The third division comprises those ores which contain a considerable
quauntity of manganese and often a not inconsiderable amount of sul-
phides. The content of manganese is derived from interspersed min-
erals, but in some of the ore deposits in the limestone the manganese -
compounds appear to be mixed with the latter, so that the manganese
content may be as high in that part of the deposit which is poor in
iron as in that which is richer. The majority of the ores of this group
are magnetite, although some ores containing peroxide of iron also
occur exceptionally, and should belong to this group. Some of the
manganiferous ores are so rich in lime that they reqnire to be mixed
with siliceous ores in order to be easily smelted, while others are what
is called in Swedish “cngiende” (going by themselves) their gangue
being such that no-flux is required for their smelting. There are also
ores rich in manganese which contain so large an amount of magnesia
as to necessitate the use of both lime and quartzose ores in smelting
them. The greater number of Swedish ores must be fluxed with lime
in order to yield a glassy slag, and most of them are thus more or less
acid, or, as it is called, “dry.”

Percentage of iron.—The iron content of the Swedish ores varies from
30 to 70 per cent, but it is generally about 50. As, however, the calca-
reous ores are much scarcer than the siliceous ones, ores occurring in
limestone are often used, although their iron content is but 20 per cent
or even less, as a mixture for the richer siliceous ores. In some ores,
particularly those of the first division, the content of alumina is not
inconsiderable, while ores belonging to the second group in partienlar
and some of these -belonging to the third are very rich in magnesia.
They generally contain very little phosphorns. Mountain ores contain-
ing more than 0. 1 per cent of phosphorus areas a rule employed only to
mix with others eontalmng less phosphorus. The ores lowest in-phos-
phorus are generally used for producing iron for steel making.

Impurities—The greater number of siliceous specular ores are free
from sulphides, and many of the magnetic iron ores also contain only
a small proportion of sulphur; other magnetic ores are, however, inter-
spersed with metallic sulphides, such as sulphides of iron, magnetic
pyrites, and arsenical pyrites (Dannemofa), so that the ores, if the iron
produced is to be free from sulphur, must be subjected to careful cal-
cining, and many kilns have been erected for this purpose. Most of
the ores, however, are calcined not so much for driving out the sulphur,
which generally does not occur in large amonnts, as in order to convert.
Fe,0, to Fe,0,, and thus to make the ore more easily reducible.

Especially characteristic of a large number of the Swedish mountain
oresis the fact that they contain only minute quantities of phosphorus,



" PRODUCTION OF IRON ORES. . 117

in many cases not more than 0.001 to 0.005 per cent. This, besides
the fact that charcoal is used in smelting, accounts for the excellent
quality of Swedish iron. -

The lake and bog ores in Sweden belong to the Quaternary period,
and are in fact still being deposited. They occur in several provinces,
and have in former times been used for the direct production of
malleable iron. They generally contain several tenths of 1 per cent of
plhosphorus, and are employed only in the manufacture of foundry and
puddled iron. The lake ores, according to their appearance, are called
‘“ gunpowder,” ¢ pearl,” “penny,” or ¢“cake?” ore,etc. They occurin reedy
places, a short distance from the shores of the lakes, forming beds up
to 23 feet in thickness, These ores are taken up in the winter by means
of long-shafted scrapers and riddles of iron, and a new bed may be
formed in the same place after some thirty years.

Of the total iron-ore product of Sweden, Prof. Rich. Ackerman says
that between two-thirds and three-quarters is magnetite, one-third to
one-quarter specular, and the balance generally about 2,000 tons of
lake or bog ore.

Geographical distribution.—The greatest quantity of Swedens best
iron ores, and at the same time those that have been worked the long-
est, occar within rather a small space compared with the total area of
the country, that is within a belt having an area of 5,800 square
miles, which extends from the Gulf of Bothnia on the east to the dis-
trict north of Lake Venern on the west. Southward this ore region
continues to the middle part of the Province of Ostergitland, and north-
ward-to the northern border of the Province of Dalecarlia. Here occur
farthest to the east the Dannemora field, famous for its ores free from
phosphorus, and in many other respects unique, and in about the mid-
dle of this district are situated the Norrberg, Bispberg, Gringesberg,
Striberg, Stripa, and several other extensive mining fields, and farthest
to the west the Persberg and some others. It will thus be seen that
the principal iron-ore deposits extend from the Dannemora region,
north of Stockholm, across the country, ending some distance from the
Norwegian border, covering a length of 180 miles. North of this ore
district are found large iron-ore bodies, as far north as the vicinity of
the polar circle. Here are situated the iron-ore deposits of Gellivara,
Kirunavara, and Luossavara, in length of strike, thickness, and per-
centage of iron the principal iron ores of Sweden. Some of the deposits
are large and rich. Thus a horizoutal section through the nearly ver-
tical mass of ore at Kirunavara and Luossavara represents an area of
5,384,000 square feet; all the ores at Gellivara have in their outcrop-
ping an area of about 2,690,000 square feet, while at Ruotivara the area
is estimated as 3,230,000 square feet. As the average percentage of
iron at several of the mines amounts to 60 or 65 and sometimes more,
it is evident that mining might be pursued on a large scale.
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Until lately, however, all of these last-mentioned mining districts
have been lying idle, partly for lack of communication and partly by
reason of the high percentages of phosphorus (at Gellivara and Kiruna-
vara) and of titaniwm (at Ruotivara). Mr. Lundbohm states that all
three of these deposits are located in Swedish Lapland. Of these only
that at Gellivara is worked, and it has lately been connected with the
harbor of Luled, at thenorth end of the Baltic Sea, by a railway belong-
ing to the Government. This railway is 129 miles long and said to be
the most northern railroad in the world, 50 miles of it being within the
frigid zone. The ore is taken from the stock piles at Luled and loaded
by an American steam shovel. The company owning this deposit has
exported ore to England, the United States, and Germany, and is making
preparations for largely increasing this export. The iron ore of Gelli-
vara is partly magnetite, partly specular ore, both oceurring as numer-
ous long layers in a gneissic rock forming a mountain about 44 miles in
length and about 600 feet in height above the surrounding flat country,
having a width of about 14 miles, Many of the ore layers are of con-
siderable size, some of them being from 180 to 300 feet wide, the dip
varying from 45 to 80 degrees from the perpendicular. The quality of
the ore is also very changeable. Good Bessemer ores containing 67 to
69 per cent or more of iron occur in large quantities, but the greater
part of the ores are high in phosphorus. The percentage of sulphur is,
on the contrary, very small, except in a few cases.

Mr. Jeremiah Head, in a paper on ¢ Scandinavia as a source of iron-
ore supply,” says: ‘

About 1867 a magnetite niine, situated on the seaboard, a little to the north of
Gefle, exported two cargoes of ore containing 66 per cent of iron, and only a trace
of phosphorus. Notwithstanding that steamers carrying 1,000 tons c¢ould lie so
close in to the mines that the ore could be wheeled right aboard, the cost of pro-
duction and delivery at that time was higher than the price obtainable, and con-
sequently the mine was abandoned.

In 1888 the total exports rose from 41,986 (the amount for 1887) to 117,530 tons,
and those to the United Kingdom from 657 to 62,672 tons. This sudden increase was
due to the operations of an English company, which had during the previous year
made a railway 129 miles long from the iron-ore deposits at Gellivara, in Swedish
Lapland, to Lulei, a seaport on the western shore of the Gulf of Bothnia, 740 miles
from Stockholmm, The concession nunder which this company operated included also
the right to work and export iron ore from the deposits at Gellivara, Kirunavara,
Luossavara, and Svappavara, which lay on or near the selected route, at a royalty
of from 6d. (12 cents) to 8d. (16 cents) per ton. Another company, closely allied with
the railway company, was established to purchase steamers and convey the ore to
British and other ports; and a third was to rent and work two blast fnrnaces at
Walker-on-Tyne, England. The result was, however, disappointing. The pig iron
produced contained from 0.3 to 0.6 per cent of phosphorus, and was, of course,
quite unfit for acid steel making. As such pig iron for any other purpose was not
largely in demand, and if it had been, could have been more cheaply produced by a
mixture of Cleveland and hematite ores, the cnterprise did not result iu success.
This affected the intercsts of the allied companies 8o adversely that they, too, were
presently obliged to discontinne operations. But the Gellivara mines were found to
yield not only snch phosphoric ores as were sent to the Tyne, but also, from certain
of the workings, a proportion of ore of exceptionally rich and pure quality.
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The imports into the United Kingdom fell from 62,672 tons in 1888 to 15,427 tons.
in 1889, 5,534 tons in 1890, and to 3,108 tons in 1891; and, as far as this country was
concerned, the Gellivara mines might just as well have ceased to exist. The Swed-
ish Government did not regard with complacency the total abandonment of the
enterprise. It took the railway, and after a time granted favorable rates to a
Swedish company, which established four grades, A, intended for acid processes,
containing about 69 per cent of iron and 0.01 per cent of phesphorus, and D, in-
tended for the basic Bessemer process, containing abont 65 per cent of iron and 1 to

2 per cent of ‘phosphorns. QOre containing appreciable phosphorus, but not enough

to render it unfit for acid purposes, was-called grade B, while grade C comprised all
between that and grade D. ’

The yicld of the quarries (there are as yet no underground workings), of which
there are 131, was found to be composed of grades A and B to the extent of 20 per
cent, while 80 per cent belonged to the lower grades. The effect of these improved
arrangements soon became apparent. The imports of Swedish iron ore into the
United Kingdom gradually rose from 3,108 tons in 1891 to 13,722 tons in 1892 and
30,601 tons in 1893. Almost all this was of A quality, and was delivered to fnrnaces
in the Cleveland district at prices averaging 18s. (say $4.35) perton. The imports
during the year 1894 were about 130,000 tons. The exact figures have not been
obtained. The general verdict of those who have tried the ore is that the guaran-
teed standard of richness and purity has, so far, been well maintained.

The Continental iron companies have been still more enterprising than their Eng-
lish competitors in ntilizing the new source of iron-ore supply.

Since 1887, when the Gellivara-Lule& Railway was completed, to Decem‘ber. 1893
the total annual exports have increased by over 400,000 tons, of which 35,000 tons
came to the United Kingdom and the remainder went mostly to Germany and Austria.

During the last six years Scandinavia has become a most important source of iron-
ore supply to the principal iron-producing countries of Europe. The ore travels
about 1,680 miles to English (Cleveland), and 1,690 to German (Dortmund) works,
and 1,400 miles to Wifkowitz. This is farther than from the celebrated Lake Supe-
rior mines to the Pennsylvania steel works. QOnly very rich ores could bear such
cost for transit.

Inasmuch as in the last-named conntries the great bulk of the steel manufactured
is by the basic process, whereas the exact reverse is the case in Great Britain, it is
only natunral to expect that what is sent to them should be mainly grade D, and that
which is sent to England shonld be mainly grade A; and this is in accordance with
the actual facts of the case.

Mr. Paul Kupelweiser, general manager of the Witkowitz works, says that during
five or:six years he used Swedish magnetites from Gellivara and elsewhere (probably

Grangesberg) to the extent of about 60,000 tons per annum. They contained from 61 -

to 64 per cent of iron, and cost from 22 to 24 shillings ($5.32 to $5.81) delivered at
Witkowitz. He mixed them in the raw state, in the proportion of from 33 to 66 per
cent, with other ores, mostly spathic, and calcined. Used in this way there was no
difficulty in smelting. The resulting pig iron was taken in a molten condition to a
Bessemer converter, and after being partially blown, to a basic-lined Siemens furnace,
there to be finished into steel.

Grade D, Gellivara ore, is also now extensively used at the large steel works in
Upper Silesia. The port of entrance in this, as in the previons case, is Stebtin,
whence it is forwarded by rail. The Westphalia works are users of the same grade
It reaches them via Rotterdam, some going forward by Rhine navigation and some
by rail. Grade D is offered at about 15s. 6d. ($3.75) per ton, delivered in trucks at
Antwerp for nse in the Liege and Luxemburg districts,

The value of grade A ore, containing 69 per cent of iron and 2 per cent of silica,
is at present about 18s. 6d. ($4.47) per ton delivered at Middlesborough furnaces.
Spanish Rubio ore, containing 50 per cent of iron and 8 per cent of silica, costs
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12s. 6d. ($3.02) per ton. In other words, the use of grade A Gellivara magnetite ore,
under present conditions, should enable smelters to cheapen the cost of production
of pigiron for acid steel purposes.

The large and growing importations into Germany seemn also to afford proof that
grade D is equally of valne in the manufactnre of pig iron intended for the Bessemer
basic process as carried on in those countries. The question remains, How far Eng-
Jand can nse to advantage grade E, with or without native phosphoretic ores, and
with or without puddlers’ tap, in making pig iron suitable for the Bessemer basic
process? During the twelve years 1882-1893 the produnction of puddle bar in the

" United Kingdom has decreased by 53 per eent, and in the Cleveland district by 73

per cent. .

The Gellivara deposits are 4 to 5 miles long by 1 to 2 miles broad. The ore.in
sight, or which can be detected by the dip needle, covers an area ot 160 acres. Bor-
ings have been made to a depth of 175 feet withont reaching the bottom. The
quantity of ore has not been determined, but there is no doubt that it is enormous.

The cost of the caleined Cleveland ironstone necessary for the production of a ton

of Cleveland pig iron is about 15 shillings ($3.63). If this were displaced by Gelli-

vara ore yielding 65 per cent of iron, 14 tons would be required. At the same total
cost, 15 shillings per ton of pig produced, this wonld admit of the price of two-thirds
of 15 shillings, or 10 shillings ($2.42) per ton of ore delivered to the furnaces, being
paid for it. Aecording to custom-house returns, the lowest average value of iron ore
imported from Sweden into the United Kingdom since 1888 is 16 shillings per ton.

. . Mr. J. T. Smith, who visited Gellivara in 1888, considered that when the output

reached 1,500,000 tons per annum the cost of raising, conveying, and putting free on
board at Lulef will not exceed 5 8. 6d. ($1.33) per ton, inclnding royalty and some
other charges. DBnt as the output has not yet reached one-third of that quantity,
and as all charges have not been included, we may increase his estimate to, say,
6s. 6d. ($1.57) per ton free on board at Lulea.

From Bilbao, which is 1,030 miles from Middlesborough, the present rate of sea
freight for the conveyance of ore is abont 5s. 3d. ($1.27) per ton. Inview of the fact
that Lule& is 1,550 miles, or fully one and one-half times as far, and that, on account
of ice, the traffic has to be done daring only five months of the year, an additional
1s. 3d., or a total of 6s. 6d. per ton, is not too high an estimate for the average freight
from thence. This brings the Iowest cost price of Gellivara ore to 6s, 6d. + 6s. 6d. or
13 shillings ($3.14) per ton delivered in Cleveland, without reckoning any profit to
producers. These conditions were by no means ignored by the original Swedish and
Norwegian Railway Company. Their concession, which was first obtained in 1883,
anthorized them to*continne their line through to Victoriahavn, on the Lofoten fiord.
That fiord, and indeed the whole of the west coast of Norway, is always free froin
ice, however severe the*winter, due to the fact that it lies in the path of the Gulf
Stream, and of the warm winds which are continually moving from the tropics to
the polar regions. On the way to Victoriahavn, and 115 miles from it, or nearly the
same distanee as Gellivara is from Luled, the projected railway passes the deposits
of Kirunavara and Lnossavara, These are similar in charaeter to those at Gellivara.
Middlcsborough is only 1,170 miles from that port, whereas it is 1,550 miles from
Lulef. Rotterdam is 1,323 miles from Victoriahavn, against 1,550 from Lulea. Ant-
werp is 1,400 and 1,628 miles, respectively. Stettin is considerably nearer to Lulei.

Relatively to Germany and Austria, England, and especially the Cleveland district,
will secure the greatest advantage by the opening out of the Victoriahavn rounte,
but there is little prospect of Swedish ore of any kind being delivered to Middles-
borongh, even via Victoriahavn, at less than 12 shillings ($2.90) per ton; and this is
a liigher price than can be expected at present for any kind except grades A and B.

The careful and elaborate surveys of the Gellivara and the three neighboring
deposits which were made in 1875 by a commission of experts sent for the pnrpose
by the Swedish Government seetn to establish the following facts: (1) That the ore
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is all more or less magnetie, the metallic iron contained being in the condition of
protoxide, peroxide, or magnetic oxide, or & combination of these oxides. (2) That
1t is found in lodes or veins, which, together with the bedrocks in which they lie,
- appear to have had an intrusive origin, and are usually more or less distorted.
(3) That the lodes are associated with gneiss, quartz, feldspar, granite, hornblende,
and mica schist. Corundum, fluorspar, calcspar, actinolite, adamantine, ashestos,
epidote, and garnets are also found in or about them. (4) That the phosphorus is in
the form of apatite (Ca;2P0,) and can to a great extent be separated by hand picking.
(5) That ore sufficiently free from phosphorus for acid steel purposes is but a portion,
say one-fifth, of the whole., (6) That the deposits generally protrude at the surface
of the mountaing, where they aro easily distinguishable {from a considerable dis- -
tance by their dark color. 'The ore in sight, or traceable by the dip needle, consti-
tutes usnally about 5 per cent of the total surface area. (7) That the more elevated
and rore outlying portions of the deposits yield, as a rule, ore containing less iron
and more impurities than the less elevated and more central portions, and that
samples taken from the interior of the lodes give befter analyses than those taken
from near the surface,

Mr. P. T. Lidner states that there are five quarries working at Gelli-
vara at present, which he describes as follows:

Frederika.—Here the ore is 85 feet wide, but only 65 feet is mined.
The ore near the hanging wall of the C grade, not being in demand, is
left in place. The A, B, and O ores, which are here won, are rich in
iron, often as high as 70 per cent.

Selet.—Here the ore is 100 feet wide, furnishing B and C ores, rich in
iron but high in phosphorus. '

Hertigen.—Here the ore is 80 feet wide, which, on account of the iron
pyrites contained, is classed as C ore.

Hermelin has an ore width of 75 feet and furnishes D ores high in
phosphorus. '

Tingvalls Hill has a width of ore of 330 feet, but only one-half of
this width is worked at present because of inadequate transportation.
The ore contains from 0.7 to 1.3 per cent of phosphorus, and is classed
as D ore. E '

Of these quarries the first three mentioned are.on a tract a short
distance south of the main field, while the last two are on the main ore
field. The freight rates to Luled are given at $1.07 per metric ton,
which it is hoped to reduce in the future. Eight hundred men are em-
ployed, and the quarries are lighted by electric lamps. When the rail-
road was first projected it was expected to rnn from Luled to Gellivara
and Kirunavara, and from there to Lofoten, on the Norwegian coast,
which is open for navigation all the year round, while Luled is closed
by ice for seven months.

The greatest depths to which the iron-ore mines of Sweden have been
worked do not exceed 1,000 feet. Considering that as a rnle there are
no particularly large quantities of either minerals or water to hoist, the
machinery for this work need not in general be of great power or capac-
ity, say between 80 and 90 horsepower. The ores are nsually hard,
and have to be blasted, the cost of mining being stated to be from 50
cents to $2.50 per ton.
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Analyses.—The following analyses of Swedish iron ores were pub-
lished by Mr. N, Lilienberg in a paper on ¢ The manufacture of charcoal
iron in Sweden,”! and are eollated from ¢ Analyser 4 Jirnmalmer, 1871-
1890,” by Adolf Tann:

Analyses of Swedish iron ores from districts producing yearly over 4,000 tons.
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Province of Gestrik- Metric
land: tons. Peor ct.| Per ct.| Per ct.| Der ct. | Per ct.
Nyang....oo.... NYADg. .oooeommannen 7,462 | M | 43.56 | 13.2 |24.3 | 0.148 | 0.007
Penninfgﬁ ....... Pemning .o ..oo.. ... 4,379 | M | 51.07| 55 9.85 020 f .008
Province of Upland:

Dannemora..... DeGeer..........o...... 33,192 | M | 51.20 | 12.2 6. 45 . 080 0026
Do.......... Sjografvan . ............ 33,192 | M | 44.18115.00 | 19.62 .236 | . 003
Do.......... , Sodra Silberg........... 83,192 | M |62.15| 5.2 4,05 .013 [ .0033
Do..ovvenl ! Storrymning............ 33,192 | M | 49.68 | 14,58 | 12.3 .03 . 002

Skedika ......... Norr Skedika........... 4,438 M 354,95 7.89 ) 10.42 |........ L0468

Provinceof Dalarne:

Vintjdrnp........0 Gammelgrufvan ........ 18,358 | M [ 42.70 | 10.91 ) 18.08 |..cvcvuufernannnn

Tuna Histberg .| Krongrutvap........... 20,084 | M | 52.14 | 6.46( 19.24 .058 | 007
Do...coonnon Nygrufvan ............. 20,084 | M [ 44.20 | 10,22 | 26.50 L084 | 037

Romme......... Omgrufvan...........-. 11,212 | M (85,67 7.88 ] 899 |........lo....

Risberg......... Draggrufvan _.......... 12,426 | M ! 59.38 .87 | 12.45 .19 .118

Ivike........... Lapggrufvan ........... 11,442 | M [ 47.68 1 4.19 | 18.20 .09 . 049

Finnis ......... | Bybergsgrufvan........ 8,023 | M |[49.80 | 3.28 ;26,38 | Trace.| .031

Grasberg ....... Storgrufvan ... -........ 13,967 | M | 47.40 ] 7.38 | 18.00 .001 | ,022

Haksberg....... Norra Logrufvan....... 4,162 | M |52.00 ] 3.39 | 22.04 .02 . 124

Nyberg......... Vindgrofvan ........... 5,166, M | 36.37 | 11.28 | 18.86 .14 012

Svartberg-...... Svartberg .............. 4,233 | M ;41.20( 2.98] 9.26 | 1.34 .010

Bispberg ....... Stora Bisperg, No.1.....] 13,809 | M | 66.00 | 1.57| 4.14 .03 . 008

Rallingsberg ...; Rallingsberg, No.1...... 8,062 M |64.25] 3.95]| 5.69 1 N IR

Langvik........ Loangvik, No.1..oo.o.... 4,939 | M |35.91 {15.05| 6.00] .09 | .08

Rullshyttan ....] Rollshyttan, No. 1...... 5,306 | M | 44,76 | 15.94 | 22.47 |........ . 004

Svensbo ........ Svensbo, No. 1.cee...... 7,173 | M | 52.00 [ 7.85 | 15.37 |.c0aeun.-- . 008

ProWnce of West.
manland:

Morberg........ | Shackelbergsgrufvan...| 22,342 H |61.61 ] 1.41} 13.00 .076 | .ol

Klackberg...... Klackberg, No.1........ 32,370 | XL {42.50 | 14,92 .90 .08 .00

Norrberg . ...... Bergmansgrufvan ...... 15,212 H | 50.80 | 1.50 | 22.3 .02 .0l

Kallmora .- .--. Stora Kallmora......... 18,719 | M | 58.50 | 6.31 | 10.50 014 1,01

Konungsberg...| Uddevalla ..---......... 13,638 | M | 44.17 | 06.70 [ 9.20 .03 . 005

Ragnvald....... Norra Foreningasgrufvan; 7,000 | H | 50.50 .50 [ 26.3 - 06 .03

Stripa .......... Stripa ...... tecesroenann 6,480 | M | 49.88 .40 | 23,58 B 17> S PR

Maria........... L £:3 5 ¥ 4,289 M !57.69| 6.12 | 10.12 L011 021

Stripa «..vnnnn. Stripa ...oeoiiiie it 4,313 H |[40.00 | 11.60 | 27.40 020 [ .02

Lomberg..... eeof Fallgrutvan -2.......... 11,860 ! II [ 54.70 | 1.27 [ 18.30 .04 . 08

Svartvik........ Svartvik. ............ ... 10,270y M | 48.00 12,40 | 9.80 .05 .01

Stallberg ....... Stallberg, No.1......... 10,100 | M | 49.10 | 12,92 | 4.90 .09 | Trace.

Karrgrutvan ...| Karrgratvan ..-.---._.. 55644 | M |53.4 1.27 | 23.75 | Trace. | .015

Ingelshyttan ... Ingelsgrufvan H 148.84) 513 | 24.23 .03 | Trace.

Stripa Jeeven. ... 100 ) M |59.00] 2.20 | 13.80 |Trace.| .005

Hogborn........ Volmgrufvan ........ M [48.201 12.69 | 15.04 .14 .018

Klacka ......... Bankogrufvan M [ 37.80] 13.59 [ 31.05 .008 | .003

Striberg ........ ! Svartherg ........-..... M |57.70| 3.70 | 14.90 L045 ) L 007

Ringshyttan.... ..oy 82131 fooooaoieiiii el

Fogdhyttan..... Toppgrufvan .. ..-...... M | 55.63 .34 ] 23.13 [ Trace. | .005

Pershyttan ..... Lockgrufvanm ........... X M (5119 .86(17.76 01 . 005

Dalkarlsberg ...| Dalkarlsberg, No. 1..... 17,425 | M | 62.67 | 4.04 | 6.83 .01 .02

Province of Werm.
land:

Nordmark...... Bergsgrufvan .......... 8,613 M |55.20] 810/ 12.70 .02 . 007

Fennmosgen....| Fennmossen............ 10,616 | M [60.70| 6.25( 8.53 L0451 (o011

Taberg ........ .| Norragrufvan ......._..| 5,452 M [56.30 | 7.156( 12.00 045 | . 013

Enggrufvan ..o f...cvvunnnn. emreer—a- 13,036 | M ..o |eeaa e e

Peraberg ....... Krongrofvan ....-...... 41,124 1 M |55.79 ] 8.03 | 12.76 . 031 . 002

Dahyttan....... Storgrufvan .........-.. 41,124 | M (57.89 | 8.25| 11.35 .023 | . 002

Ovevianennn Vaggrufvan ........ . 41,124 [ M | 59.60 |- 6. 61 9.76 L027 [ L0U5

Sundsgrufvan ..|..... e esricsianaaan TIT6 ] M e oo

Province of Sider-
manland:
Kantorp._-..... Kantorp...oovevenao. o 12,133 | M | 56.50 | 3.03 | 14.74 L022 | 026
Province of Oster- .
gotland :
Nartorp ....---. Nartorp, No.1 .......... 4,958 | M | 43.28 ( 14.75 | 25.40 008 | 011

1 Journal United States Association of Charcoal Iron Workers, vol. 5, pp. 257, 258.
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These analyses do not include any from the Gellivara district, a large
number of assays of these ores being published in a report from the
geological survey of Sweden of 1875.!
Lundbohm? gives 149 analyses, made by Mr. V. Petersson, among
which the following are representative:

Analyses of Gellivara, Sweden, iron ores,

In a report for 1892 Mr. H.

No.1. | No.2. No. 3. No. 4. No. 5. No. 6. No. 7. No. 8.
Per cent.|Per cent.| Per cent. | Per cent, | Per cent. | Per cent. | Per cent. | Per cent,.
Metallie iron. ..... 54.53 59, 65 62. 20 47.20 65. 25 69. 93 '61. 46 67.53
Phosphorus ...... 1.81 1. 40 1.65 4.10 . 037 .05 .16 .08
Insoluble in hy- .
drochloric acid..[ 11.79 7.64 2.47 9. 60 6.98 2.59 10. 32 4.14

Mr. H. Bauerman gives an analysis of lake ore from Wermland
made by Svanberg, as follows:

Analyses of Flaten (Sweden), lake iron ore,

Per cent. Per cent.
]
Metalliciron .. ......... ... 47.32 Lime..........cocivvaannns 0. 47
Oxide of manganese........ 1.45 Magnesia ..ooooiiii it .23
Silica..ooee .. 7. 81 Phosphoric acid...... ...... .18
Alumina ... ... ...l 4.18 ‘Water and organic matter..| 17.81

Through the courtesy of Prof. Richard Akerman, of Stockholm,
Sweden, the following table is presented, showing the produection and
exports of iron ore and the production of pig iron in Sweden for a
series of years,

FProduction in and exports of iron ore from Sweden, and pig iron produced.

Iron ore. Iron ore.
Pig iron Pig iron
Years, Years.
rodue- - .
Ption.c Esxpoits. | PTo uced. P?i):)lllll.c Exports. |Pr® uced
Met. tons.| Met. tons. | Met. tons. Met. tons. | Met, tons. | Met, tons.
281, 521 None. 142, 234 796, 957 14, 920 352, 622
374, 593 Noune. 188, 368 738, 692 12,491 344,484
417, 337 2,126 185, 134 677, 328 13. 536 340, 797
438,135 5,525 169, 701 645, 199 12, 570 342, 486
445, 585 5,738 | 199,541 775, 344 29,662 | 405,713
453, 553 5313 | 186,772 526, 137 24,287 | 435,428
471, 607 7,740 | 241,355 892, 863 20,197 | 398,945
517, 092 17,395 226,719 885, 124 32,320 422, 627
491, 214 13, 946 230,132 909, 553 39, 602 430, 534
502, 361 10,063 | 253,493 873, 362 25,817 | 464,737
546, 066 12, 045 263, 042 872,479 19, 288 442, 457
597, 864 9,474 | 202, 082 903, 186 41,986 | 456,625
630, 739 13,116 300, 470 1888 .......... 859, 540 117,350 457, 0562
562, 832 11,901 208, 893 1889 .......... 985 904 118,573 420, 665
732, 753 18,651 339, 559 189 . . ... ... 941 241 187,532 | 466,102
832, 857 23, 869 345, 872 1891 .......... 987 405 174,148 | 490,913
926, 825 25,310 27, 797 1892 . ........ 1, 293, 583 320,871 485, 664
822, 800 27,210 | 350, 694 1893 .......... 1,483,762 | 447,931 | 453,421

1 Underdinig berdttelse om Malinfyndigheter i Norrbottens lin.
7 Apatitférekomster i Norrbottens Malmberg.
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Mr. Jeremiah Head gives the following as the quantities of Swedish
iron ore imported into Great Britain in the years named these amounts
being included in the total exports in Professor Akerman’s table:

Swedish iron ore imported into Great Britain.

.
Years. .Amount. Years. Amount. Years, Amount.
Long tons. ' Long tons. Long tons.
1885.......... 613 1888.......... 62,672 1891. ... ..... 3,108
1886...-...... . 143 1889.......... 15, 427 1802.......... 13,722
18B7. .. .ol 657 1890. . ... ... 5,534 1893 . ..., 35, 601

The tabular statements show a slow but gradual growth not only in
the amount of iron ore and pig iron produced, but also in the exports
of iron ore. The iron ore which is now mined is presumably also much
richer or else better prepared for market, for if the exports be subtracted
from the production and the balance considered as the amount charged
into the furnaces the average figures for the decade from 1860 to 1869
show that 479,145 metric tons of iron ore were required to produce
224,797 metric tons of pig iron, an average yield in the furnace of 46.9
per cent. In the decade from 1882 to 1891, inclusive, however, it took
but 843,384 metric tons of ore to produce 444,066 tons of pig metal,
giving a furnace yield of 52.6 per cent of iron. A portion of this appar-
ent increase is evidently due to the displacement of the leaner lake ores
by. the richer magnetic and specular ores.

The export trade of Sweden rose from nothing in 1855 to 17,395 metric
tons in 1865, and then remained practically stationary, or had but slight
changes, until 1830, when it advanced to nearly 30,000 tons, reaching
39,602 tons in 1884, falling to 19,288 tous in 1886, and then rising rap-
idly to 187,532 tons in 1890, showing a slight decline in 1891, which is
more than offset by the shipments of 1892, which were 320, 871 metric
tons, and of 1893, 447,931 metrie tons.

Mining laws. -—Smce in no other country is so much attention paid to
the careful preparation and mining of iron ores, the following notes in
regard to the mining laws of Sweden, their method of prospecting, etc.,
are taken from the Swedish catalogue prepared for the Columbian
Exposition by Dr. S. A, Lofstrom:

According to the mining laws of Sweden every Swedish citizen is
entitled to claim all mineral deposits containing the ores of various
metals, including iron, with the exception of lake and bog ores, manga-
nese, iron pyrites, magnetic pyrites, ete., provided, in all cases, that
the minerals are to be found at a dlstance of not ]esq than 200 meters
(656 feet) from dwelling houses, building ground or garden. A claim-
holder is authorized to explore the ground holding the mineral deposit
within a radius of 100 meters (328 feet). The landowner is entitled to
partake in the working of the mine to the extentof a hatf and to share
the profit equally. When the deposit is laid open a certain area of 200
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meters (656 feet) in length and breadth is assigned, within which the
owner of the mine has cxclusive right to work. The boundaries of this
area extend downward vertically. A certain amount of work is to be
done yearly on the said area; if not, the rights are forfeited and the
deposit then may be subject to a new claim.

Mining methods.—T'he miner’s compass has been used in Sweden for
two hundred years in prospecting for iron and other ores, these latter
being impregnated -more or less with magnetite or magnetic pyrites,
and therefore the miner’s compass is employed in the discovery of zinc,
lead, and silver ores. For the magnetic surveying of the ore fields
Thalen’s magnetometer and Tiberg’s inclinatory needle have been in
ause during the last decade to advantage. The magnetic maps of the
mine fields, drawu according to surveys with these instruments, have
shown more complete and exact history of the magnetic conditions
than the compass alone.

In the examination of ore deposits the diamond drill has lately come
into extensive use. The drill mostly in use is run by hand power as
well as by petroleum motors. With this drill borings have been made
to the depth of nearly 450 feet. Sometimes larger diamond drills run
by steam or compressed air are used. During the years 1887-1891
examinations were carried out in this way to a total depth of about
10,800 meters (35,000 feet). :

In consequence of the hardness of the Swedish rocks timbering as a
rule is not needed in the mine shafts other thamn for guides for raising
ore and water and for ladder ways. The cost per meter for sinking ver-
tical shafts 4.5 by 4 meters (143 by 13% feet) in section, with the neces-
sary timbering for hoists, pnmps, and ladder ways, is from $55 to $80
per meter, or say $17 to $24.50 per foot. The dimensions of levels are in
general 1.5 by 2.2 to 2.4 by 2.5 mneters (4.9 by 7.2 to 7.9 by 8.2 feet). The
cost per ruuning meter for level work varics between $8 and $13 (say
$2.50 to §4 per foot), the miner paying for the explosives, tools, and other
materials,

Owing to the hardness of the ores and their gangues the method of
underhand stoping without filling is still most used. About 80 per cent
of all the iron ores obtained are mined by this method. But mmethods
of back filling are used for snch ores as have a tendency to cave iu, as
well as for mining ores of great thickness.

Usually the metalliferons rock is separated from the sterile by means
of picking by hand, the rock having first been crushed, either by
machine or hand power. The richest pieces of ore are first separated,
and the remainder, if it contains any ore, is put through another course
of picking aud washing. Tor some iron ores magnetic separators are
used, as at Upsala, Orebro, ete.
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Dr. S. A, Lofstrom gives the average annual production of the
Swedish iron-ore mines, by kinds, as follows:

Average annual product of the Swedish iron-ore mines.

Kinds of ore. 18711880, 1881—18.90. 1891.

Metric tons.|Metric tons.|Metric tons.
763, 769 902, 320 985, 255
8,018 2, 709 2,150

Mountain ore
Lake and bog ore........

Production.—The official Swedish statistics for 1893 give many inter-
esting tables in regard to the production of iron ore, pig iron, and other
metals, and the following table has been prepared from these. The iron
ore was mined from 341 active mines situated in 11 “lins” or provinces,
and does not include 2,275 tons of lake or bog ore, of which 2,216 tons
came from Jonkdpings, and 59 tons from Kronbergs Lin. The table
shows first the liin or province, second the total amount of iron ore and
rock brought to the surface and there sorted, third the total amount
of iron ore obtained from this material, fourth the percentage of ore
obtained from the rock and ore, and fifth the percentage of total iron
ore output by lins:

Production of iron ore in Sweden by provinces.

Rock and Percentage| ’'ercentage

Provinces. ore brought ’]I:,f)((’lll’]grg of oroto |of totaliron

to surface. | ! cd. rock. |oreontput,
Metric tons.| Metric tons,| Per cent. | Per cent.
Kopparbergs .oeevannn.... 707, 295 415, 043 58.7 28.01
Norrbottens .............. 557, 639 306, 594 55.0 20, 69
Orebro.ccenevuaneaiae. 620, 040 300, 201 48.4 20. 26
Vestmanlands ............ 409, 079 233, 607 57.1 15.77
Vermlands................ 163, 463 91,772 56.1 6.19
Upsala ...o...voiio.. 124, 856 69, 704 55.8 4.71
Socdermanlands ........... 43,432 27, 260 62.8 1.84
StockholmS.eevee ... ... 56, 613 24,165 42,7 1.63
vetleborga...... .. ... ... 30, 309 12, 086 89.9 .82
Ostorgdtlands ............ 5,407 834 15.4 .08
J50KOPIDGS . e enana.. 291 221 100.0 .02
Total for 1893......... 2,718,354 | 1,481,487 54.5 100, 00
Total for 1892......... 2,312,692 | 1,291,933 55.9 160. 00

Of this 1,481,487 tons of iron ore, 1,194,298 tons, or 80.6 per cent, was
magnetic iron ore, and 287,189 tons, or 19.4 per cent, was hematite ore.
The amount also includes 13,575 metric tons of magnetically concen-
trated ore, which was produced at nine establishments, two each being
situated in Upsala, Orebro, and Sédermanlands, and one each in Vest-
manlands, Kopparbergs, and Gefleborgs Lin,
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The following is a list of the principal active mines of iron ore in
Sweden, together with their output in 1893:

Output of the principal Swedish iron ore mines in 1893.

: . No, of :

Names of mines. Provinces. mines. Production.

AMetric tons.
Gellivaramalmfalt ... ........... Norbottens ....... .9 306, 594
Grangesbergsfiltet... ... .......... Kopparbergs ..... 21 261, 865
Klackbergsfiltet .................. Vestmanlands.... 5 43,497
Stribergsfiltet .....o..._.......... Orebro............ 5 40, 627
Persberg och Y ngshyttefilten. ... Vermlands........ 12 85, 335

Skottgrufvefiltet ... ..._..._.. Orebro...e........ 2 30,631 -
Strlpafaltet ........................ i (1 S 1 29, 500
Risbergsfiltet..................... Veqtmanlands .- 4 26, 559
Kallmorbergsfiltet........_....... s Iy R 5 26, 485
Kolningsbergsfiiltet_ .. .. ....._ _.. SR s 3 25,312
Dalkarlsbergsfdltet .. ... .......... Orebro............ 5 24,899
Danunemora Nora tilt.... ... ... .. Upsala........... 7 20,474
Dannemora Mellanfilt. ... ... ... ... d0 cceeeenana .. 1 19, 140

A tableis also given showing the increased amount of iron ore mined
per annum per employee, as follows:

Production of iron ore in Sweden per employee.

Production Production
Years. Tolt;zlr %‘;m‘ of iron ore Years Tolt)%lr%?‘m- of iron ore
workmen, pegn‘;;';l)rk- workmen. pexl'nm(lyrk-
Metric tons. ' Metric tons.
1861-1865......... 5, 001 90.7 1889 ecceenenn-n. 4, 238 157.7
1866-1870.....-. .. 4, 581 118.4 1890 e e, 6, 335 148.4
1871-1876......... 6, 439 121.9 1891 ... ..., g, 223 158.3
1876-1880...... .. 4, 883 147.7 1892. v, 7,H64 170. 8
1881-1885......... 6,210 140.8 1803 ool 7,510 197.3
1886-1890......... 6, 257 148.7

In commenting on the increased output per workman, the statement,
is made that the above figures do not show the entire amount of ma-
~ terial moved, and that in the year 1893 the 3,999 men below ground
handled, in addition to the iron ore mined, 1,862,000 tons of rock,
some of which was left in the workings.

Of the 453,421 metric tons of metal produced in 1893, 447,362 tons
was pig iron and 6,059 tons castings direct from the furnace. Of the
447,362 tons of pig iron, 285,718 tous, or 63.86 per cent, was forge and
puddle iron; 145,479 tons, or 32.52 per cent, Bessemer and Martin iron;
1,294 tons, or 0.29 per cent, spiegel, and 14 871 tons, or 3.33 per cent,
foundly iron.

Of the works, 134 had blast furnaces which were active during the
year, the total number of furnace stacks being 199, of which 152 were
active. The average output per furnace was 2,983 tons, the average
number of days in blast 245, and the average product per furnace per
day 12.18 metric tous.

It will be interesting to note the characteristics of blast farnace
management which prevail in Sweden and in the United States. In the
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United States 19 blast furnaces using chareoal were reported as active
at the close of the year 1893 and 40 at the close of the preceding year.
Assuming that the latter represented the number of American blast
furnaces in operation at any time during the year, their total output in
1893—386,789 long tons—will then be divided by 40, giving an average
annual product per furnace of 9,670 long tons, as against 2,983 metric
tons per furnace stack in Sweden. As the Scandinavian statistics are
prepared in a different manner from those in the United States, the
above comparison can not be considered as exact; but to further illus-
trate the practice in vogue the following statement is presented: -

Comparison of blast furnace practice in Sweden and the United States in 1893,

Total num- .
ber charcoal Total

blast fur- product.

naces.

Average
output
per furnace.

SwedeR.ov.urinaann. ... metric tons.. 199 453, 421 2,278
Tnited States.-..........long tons.. 118 386, 781 3,278
NORWAY.

Unlike that of Sweden, Norway’s iron industry, never large, has
declined, until now little if any iron ore is mined or pig iron made.
The prevailing ore of Norway is magnetite, and the two principal loeali-
ties at which it is found are the Skreia iron-ore field, northwest of Chris-
tiania, and the district southwest of Drammen. The ores are stated to
occur either immediately at the junction of the granite and Silurian
beds, or in metamorphic beds nearest to the granite. There are also
- some extensive deposits of hematite and magnetite on the central
western coast, but they are said to contain considerable phosphorus,
and are therefore not wrought.

The rocks in the vicinity of Arendal are gneiss and various crystal-
line schists, which inclose beds of limestone, and often pass into mica-
schist or hornblendic schist. These rocks strike northeast and south-
west,*dip at a considerable angle southwest, and inclose numerous
deposits of magnetite, more or less mixed with specular iron ore,in a.
belt 16 miles in length, parallel with the coast, and extending from
-Oyestad to Flakstad. The ore masses are of a lentienlar form, varying
from 6 to 60 feet in thickness and from 350 to 600 feet in length, and are
‘surrounded by a peculiar envelope consisting of a mixture of the metal-
liferous bed and country rock, the principal minerals being mica, horn-
blende, garnet, calcite, and magnetite. The center of the bed usually
congists of magnetite, which is sometimes coarsely granular, but is -
always accompanied by other minerals.
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The following table, supplied by Prof. Richard Akerman, of Stock-
holm, Sweden, shows the decline of Norway as an iron-producing
country:

PRODUCTION OF IRON ORES.

Production and exports of iron ore and product of pig and bar iron in Norway.

Iron ore. .. X
Years. . Pig iron Bar ]11‘0n
Production.| Exports. made. made.
Metric tons.| Metric tons.| Metric tons.} Metrictons.
j 1 DAY PR,
330 7,575 3, 895
1,160 7,590 4, 205
400 7,375 4,180
2,490 8,165 3,875
2,240 7,985 4,010
5,720 6, 320 3, 890
6, 020 7,145 3,470
5 10,310 4,755 3,570
1869. . ... ......... 16, 800 15, 980 3, 985 930
1870 ... ... ... 21, 155 17,120 3,975 845
187 el 7.165 2, 980 2, 620 B55
1872, e 32, 980 15, 030 1, 565 830
| T 28, 960 18, 700 1,395 825
1874 .. i as 29. 800 28, 820 1,960 400
1B75. e aa 28, 800 21, 650 2, 230 325
1876, e -t 20, 535 14, 164 870 405
1877 s 17,265 6,010 1,292 400
1878 e e e 11,880 1, 167 737 600
1879 e 8, 060 510 1,400 370
1880, . cceeenaan e 6,715 136 902 400
1881 oo 6,210 170 1,190 712
1882, eeeeeiiaaanes 1,950 411 740 405
1883 .. ... 2,128 5, 744 1,031 645
1884 oooen il None. 741 1,174 440
1885 . .o a 200 1,376 None. 397
1886, ... .ol ... None. 201 None. 159
1887 . ..o 1,904 2,510 698 190
1888 . ............. 1, 385 382 799 289
1889... ... _.... vee 800 1,143 287 |.eevemcanann
521 1 AN IR £ Y Y
1891 .. e aaeaaa k£ 7 P ORI
B 1]t 2 DN DU PRSOI DU PP

The average product from 1851 to 1880 is given as follows:

Average product and export of Norwegian iron in periods of five years from 1851 to 1880.

Izou ore. Pig i Bar iron
Periods. 1g 1ron
Production.| Exports. made. made.
Metric tons.| Metric tons.; Metric tons.| Metric tons.
1851-18565. . ........ 23, 400 15 9, 860 4,850
1856-1860 22, 000 0 9, 300 4,410
1861-1865 32, 200 1,320 7, 140 4,030
1866-1870 20,200 11,030 5, 240 2,140
1871-1875 25, 540 17,435 1,950 650
1876-1880 12, 900 4, 400 1,040 450

In an article prepared by Mr. Jeremiah Head, read before the British
Iron and Steel Institute, he makes the fqllowing statement:

In the summer of 1891 I visited several magnetic iron-ore deposits in the neigh-
borhood of Grimstad and Arendal, on the south coast of Norway. The oreseemed to
lie in nearly vertical lodes or veins of very variable thickness. In former times sev-
eral of them had been extensively worked, as was testified by the piﬁs, headings,
heaps of bedrock and ore, and even remains of winding apparatus still to be seen.
Near Soggendal, between Christiansand and Stavanger, is the titaniferous iron-ore
deposit a mile and a half long and 60 to 70 yards thick, formerly worked by the
Titanic Iron Company, Limited. About the year 1868 this company leased two old

16 ¢rovr, PT 3——9
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furnaces at Norton, near Stockton, England, and there made at the rate of about 200
tons per week what they called titanic pigiron. 'The mineral used was in part titan-
iferous ore obtained from Soggendal, and in part Spanish, Algerian, and Elban hema-
titos and Irish boy ores. The proportions varied according to the product desired.
The molten metal was run into iron molds, and was sold for high-class purposes,
principally in the Leeds and Sheffield markets. The titaniferous ore was at fivst
found difficult to smelt, but that difficulty was eventnally entirely overcome by the
adoption of suitable mixtures. 'The titanic pig iron contained from 0.038 t0 0.185 per
cent of phosphorons and up to 3 per cent of* titanium. The slag contained up to 3
per cent of titanic acid. The company, after a fairly successful career of six or
geven years, was compelled to suspend operations, owing probably to the advent of
steel, and the Norton furnaces have been inoperative ever since.

Since the year 1888 the imports from that conntry to the United Kingdom have
been ¢nite insignificant. '

There is a deposit similar to the Soggendal near Ekersund, 3 miles long and 2 to
12 yards thick. To the north of Trondhjem is a vein of magnetite 11 yards thick
and of unknown length, '

In June, 1893, I again visited the west coast of Norway, passing from Bergen to
the Lofoten Islands and back to Stavanger. [explored one mountain situated along-
side of a deep-water fiord somewhat farther to the north of Trondhjem, in which
magnetite ore was protruding at various points, and which I estimated to contain
not less than 25,000,000 tons. Not far from this depositis another of similar chavacter
which I call 'I'rondhjem,Y. It is 16 miles long by 44 yards broad. Its depth is
unknown. One end of the deposit is within 12 miles of a small seaport situated at
the head of the fiord. The bedrocks are igneons and metamorphic, and generally
similar to those of the Swedish deposits.

Still farther to the north are other deposits of magnetic and specular ore, which I
call Trondhjem,Z. Speoimens taken from them yielded 64 per cent of iron, 0.2 to
0.9 per cent of phosphorus, and 0.01 to 0.3 per cent of sulphur.

In one of the Lofoten Islands [ examined several detached deposits. The specimons
selected yielded on analysis 61 per cent of iron and only traces of phosphorus; but
they containoed no less than 9.2 per cent of titanic acid. The deposits do not appear
ever to have been worked, although within a quarter of a mile of a good navigable
fiord. :

In 1891 but one blast furnace was at work in the whole country,
namely, that at Naes, near Arendal, producing 75 to 100 tons per week
of charcoal pig iron. The ore used was self-luxing, being obtained
from local magnetite mines, containing about 50 per cent of iron and
produeing a pig iron with 0.035 per cent of phosphorus.

1t is claimed that native iron of terrestrial and not meteoric origin

exists in Norway.
BELGIUM,

Belgium produces a considerable amount of pig iron, but the greater
portion of the iron ore required for its output of metal comes from for-
eign sovrces, chiefly Germany, Spain, and Algeria, only about one-ninth
of the iron ore smelted being won from Belgian iron-ore mines.

According to M. Paul Trasenter, of Liege, to whom the Survey is
indebted for the table of production and imports which appears further
on, the iron ores of Belgium are divided into the following classes:

First, the ¢ violette ” mine, oolitic iron ore (red hematite), occurring
in the older Silurian or Devonian formations, which are somewhat
similar to the Alabama fossil ores.
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Second, minette ore, oolitic limonite, which is worked in the extreme
south of the Provinee of Luxemburg (Musson and Falanzy), and which
also extends into France, Luxemburg, and Lorraine in Germany.

Third, a bog ore in Campine, near Limbourg, the supply of which is
of limited quantity and almost exhaunsted.

Fourth, manganiferousiron ore, which occurs in the Province of Liege,
on La Lienne, as small irregular beds in the Silurian phyllastes.

Fifth, “yellow mine,” being the massive limonite of the Devounian
formation. None of these mines are now wrought.

The total annual iron-ore production of Belgium is about 200,000
tons, and is furnished almost exclusively by the first, second, and fourth
classes of ore above mentioned. ‘

The first ¢ violette ” mine is on the Meuse River, between Namur and
Huy, analyses of the product showing about 40 per cent of iron and
from 1 to 1.5 per cent of phosphorus. :

Philips, in his ¢Ore Deposits,” describes the iron-ore deposits of Bel-
gium in the following words:

Hematite occurs in Belgium in various conditions, but that almost exclﬁsively
employed is found in the form of oolitic or pisolitic grains. In this state it forms
important deposits in qnartzose schists which underlie the Coal Measnres, and crop
out on both sides of the valley containiig the coal. The principal iron-ore mines
are sitnated on the north side of the valley, where, in the neighhorhood of Vedrin,
there arc four distinct seams of ore, respectively 2% inches, 4 inches, 8 inches, and
113 inches in thickness, forming, with the intercalated schists, a bed nearly 4 feet
thick. .

At Marchovelette there are five strata of iron ore, varying from 8 to 20 inches in
thickness, while at Houssois, near Vezon, the hematite attains a thickness of about
7 feet. 'The beds, howover, are at various points intersceted by veins and fanlts,
and the quality is, generally speaking, inferior. The prinecipal mines are near Huy,
where there are two layers of hematite having a united thickness of little less than
4 feet, separated by about 1 foot of shale. The average yield of thesé hematites is
from 35 to 40 per cent of iron.

The Jurassic series, constituting the snrface of the southern portion of the Belgian
Province of Luxemburg as well as the Grand Duchy of that name and the northern
part of Lorraine, is rich in iron ore, and furnishes importaut supplies to the Belgian
iron works. The ore from these localities is known by the name ‘“minectte,” and is
a fine-grained oolitic limonite, which occurs in extensive deposits in Luxemburg and
Lorraine, bnt less pleutifully in Belginm., Near the Freuch frouticr the beds of this.
oro are from 5 to 6 feet in thickness, and the ore contains from 30 to 45 per eent of
iron. The gangne consists principally of calcite, with a little silica and gypsum.!

Lumonite occurs in various forms, and in deposits of very different geological ages.
In more recent formations it is fonnd in beds, sometimes above 3 feet in tbicknesé,
reposing in depressions in argillaceous sands mainly gituated along the banks of the-
Rivers Demer, the two Néthes, and their afluents. The ores from these deposits,
which are concretionary and porous, contain about 40 per cent of iron, with a con-
giderable amount of phosphorus, but are easily reduced. Siliceous limonite contain-
ing phosphorns is worked in a Quaternary formation near Qnevy, in the Province of
Hainaut. This ore, associated with an argillaceous sand, forms a bed from 3 to 5
fect in thickness, inclosed in a depression in Tertiary sandstone. The rocks com-
prised between the lower quartzose schists and the coal formation inclose many

}These deposits are more fully described in the report upon the German Empire. See page 120. -
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important deposits of limonite, which have been drawn upon to snpply the blast
furnaces. These deposits are often extensive, and the ore always occurs either in
masses or veins, but never in the form of beds.

Statistics for Belgium, taken from the “Statistique des Mines, Mi-
nicres, Carriéres, Usines Métallurgiques,” the latter being an extract
from the ‘“Annales des Travaux Publics,” show that in 1892 and 1893
the following number of metric tons of iron ore were produnced:

Product of iron ore in Belgium in 1892 and 1898.

| Quantity. Value.

209,943 | 1,093, 100

!
|
Metric tons.| Francs. *
i
1893 .. oieaoi... : 284,465 | 1,477,900 !

|

This ore came from the following provinces:

Production of iron ore in Belgium, by provinces.

Provinces. 1892. 1893.
Metric tons.| Francs. |Metric tons.| Franes,
Luxemburg.......... 81, 035 134, 700 93, 205 158, 400
Lidge.. .. ....coo.... ! 68, 210 453, 900 91, 506 693, 700
Namur .............. 54,468 461, 400 53, 404 424, 100
Limbourg............ 3,750 286, 300 39, 200 144, 500
Hainaut ............. 2,480 16, 800 7,150 57,200
Total ..........-. 209,943 . 1, 093, 100 284,465 | 1,477,900

In the years 1892 and 1893, 753,268 and 745,264 metric tons of pig
iron were produced, valued at 38,716,000 and 36,052,500 francs, or 51.40

and 48.38 francs per ton, respectively.
To produce these amounts of pig iron the following materials were
consumed :
Amounts of materials charged into the Belgian blast furnaces.

1892, ‘ 1893.

|
Metric tons.|Metric tons.

Belginu iron ore ....... | 190,236 | 243, 587
Foreign iron ores...... 1,521,619 | 1,478, 444
Cinder, scrap, etc...... | 252, 641 220, 672

Total ...... R l 1,964,496 | 1,942,703

The following table shows the production, imports, and exports, as
well as the consumption of iron ore, and the annual make of pig iron
in Belgimm. In calling attention to the lack of accord between the
figures of consumpfion and import and export, M. Frasenter states
that he thinks the latter are in error, and the figures of consumption
collected by the Mineral Statistical Bureau more worthy of belief, The
discrepancy between the two arises from the fact that iron ore is admit-
ted free of duty into Belgium, and a considerable amount is imported
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from. the Grand Duchy of Luxemburg which is not recorded at the
custom offices. This difference, however, is not so marked since 1888
as in previous years, greatcr care having been taken to obtain full
statistics. 4 ‘

The pig-iron production of Belgiun had increased from 144,452 tons
in 1850 to 832,220 tons in 1839, but lately there has been a falling off,
and in 1893 but 745,264 tons were made. The output of domestic iron-
ore mines has also declined from the maximum of 1,019,231 tons in
1865 to but 284,465 tons in 1893, and Belgium depends almost entirely
upon the foreign importation of iron ores, most of which come from
Germany, France, Spain, Algeria, etc. The domestic ores for Belgian
furnaces are supplied chiefly by the Luxemburg and Lorraine oolitic
limonite ores, known as “minette,” and carrying 30 to 35 per cent of
iron, the Spanish and Algerian ores being used in the manufacture of
Bessemer pig. It is probably owing to the limited supply ot domestic
ores that the Belgian iron trade has not grown more rapidly.

Production, imports, and exports of iron ore in Belgium; also amount of iron ore and
cinder charged into Mast furnaces, and pig iron made.

[Metric tons.]

| Iron ore. t Iren ore charged into furnaces.

i - — - - Pigiron
Years, |

Pi'i(::lnuc Imports. | Exports. I Belgian. | Foreign. | Cinder. | Total. made.
'
: !

1850. .. .. 208,272 |. ..o eeeaa SRR R : ...................... 144, 452
1860 . . .. 809,176 [. ..., R P T TS R 319, 943
1861..... 839,114 33, 830 156,128 ... ....]..... eenn- [ T 311, 838
1862..... 859, 926 112,784 200,457 ...l feeaiiiaaaes S 356, 550
1863..... 856,190 | 163,653 | 202,889 .. ... ...l ... 392, 078
1864... .. 934, 362 221, 568 195,636 ... .o oo 449, 875
1865.. ... 1,019, 231 340, 592 230, 539 E R R ) | 450, 767
1866..... 886, 631 307, 801 157,607 | o | 482,704
1867..... 602, 829 322,801 152,227 1. i cee e i 423, 069
1868..... 519,740 396, 281 236, 068 1,307,300 | ]eaai.a. 435, 754
1869.. ... 628, 046 551, 900 164, 576 1,603, 000 e 534,319
1870..... 654, 332 568, 571 179, 867 1,695,700  |..o.o.iii]ieaniaaeaa. 565, 234
1871..... 696, 636 594, 405 162, 566 1,827,700 [ F S IR 608, 248
1872..... 749, 761 790, 593 178, 997 1,966,700 |...o.....iollloll. 654, 065
1873... .. 774,469 | 730,541 | 215,042 1,822,700 eeeieoeooi|eooilll 606, 113
1874 .. ... 527,300 738, 835 109, 144 1,520,700 |o.oo.aiiio|iaiieeaen. 531, 560
1875..... 365,044 | 804,370 | 141,767 1,625,000 |eeeeeioiii |l 541, 790
1876.. ... 269,206 | 671,134 | 166,417 1,326,000 ... 490, 508
1877..... 234,227 783, 322 2186, 747 1. 313, 1856 N 470, 488
1878..... 207,157 833, 622 240, 903 1, 205, 400 175,900 | 1,383,300 | 528, 954
1879..... 195, 212 614, 534 189,127 | 453, 371
1880..... 253, 499 921, 611 310,582 |vuuemme e 608, 084
1881..... 224,882 [ 1,168,501 | 367,163 1,301,250 | 178,510 | 1,672,019 | 624, 736
1882... .. 203,212 | 1,198, 037 334,901 1,478,745 231,484 | 1,916,632 | 726,946
1883..... 216,490 | 1, 612, 469 367, 104 1, 641,515 270,996 | 2,104,819 ] 783,433
1884..... 176,755 | 1,488,140 190, 988 1, 514,187 282,819 | 1,950,993 | 750,812
1885..... 187,118 | 1,393,601 | 156,589 1,468,085 | 256,635 | 1,887,072 712,876
1886... .. 153,378 | 1,867,700 | 105,873 | 139,587 | 1,449,367 | 238,967 | 1,827,921 | 701,277
1887..... 185, 186 | 1, 451, 805 176, 529 197,328 | 1, 449, 212 279,315 | 1,925,856 | 755,781
1888..... 213,327 | 1,746,984 | 148,810 | 207,717 | 1,601,642 | 312,406 | 2,121,765 | 826, 850
1889..... 202,431 | 1,805,210 | 155,108 186, 765 | 1, 608, 169 317,446 | 2,112,380 7 832,220
1890.. ... 186,546 | 1,644,422 [ 171,654 | 467.205 | 1,585,816 | 278,638 | 2,031, 659 | 787, 838
1891.. ... 202,204 | 1,534,279 | 192,127 | 152,865 | 1,386,639 | 253,880 | 1,793,184 | 684, 126
1892... .. 200,943 | 1,679,485 | 228,804 | 190,236 | 1,521,619 | 252,641 | 1, 964, 496 | 753, 268
1893..... 284, 465 {\ooeernnen|ieainnanns 243,587 | 1,478,444 | 220,672 | 1,942,703 | 745, 264

In 1893 the pig-iron production of Belgium was in proportion about
as follows: 10 per cent of foundry grades, 57 per cent of forge, and 33
per cent of Bessemer grades, which will indicate in a general way the
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character of ores used. It is probable that future changes will be
toward a greater proportion of Bessemer pig iron made from toreign
ores. o

In a paper on the “ Mining history of Belgium” President A. Briart,
of the Society of Engineers of Hainant states the general condition of
the iron-ore industry as follows:

Discoveries of comparatively recent date in neighboring countries have made
known beds of ore of such richness, so easily worked, and in such advantageons
sitnations that ours have becn almost entirely abandoned, in spite of the superiority
ofr‘ the ore itself. It has even heen feared that the metallurgy of iron, formerly so
flourizhing in Belgium, will entirely desert our country, and be established elscwhere.
The coal industry has secured that of iron. If a large amount of our coals have been
exported, attracted by the ores to be treated, much of these ores have come into our

country, and, in spite of anything abuormal in the ftact, hiave come to supply our
blast furnaces.

DENMARK.

The Hon. Clark E. Carr states that no iron ore is mined in Denmark,
and that the amount of crude iron imported is so small that no account

of it is reported. '
GERMAN EMPIRE.

In Luxemburg, German Lorraine, and a small part of northwestern
France, oolitic iron ores locally known as “minette” are found in strata
which are variously classified as the Uppermost Lias or the lowest
members of the Inferior Oolites or brown Jura series. The district in
which these ore deposits are found is somewhat more than 60 miles
in length by 11 in breadth. Of this the German portion has a length
of rather less than 40 miles, and a width of about 8 miles. In nearly
the whole of this area the deposits are of such size as to vender them
of commercial importance, occurring principally in a gradually rising
range of hills on the left bank of the Moselle River. The granules of
ore are mainly round or elliptical, and of about the size of a head of
a pin. The maximum development is in the northern part of the
district, at Esch, in Luxemburg, where there are three principal beds of
ore, each averaging from 10 to 12 feet in thickness, included in about
82 feet of limestone. On the French side the principal workings are in
the vicinity of Longwy. The oreis made up of oolitic grains of limon-
ite, often much mixed with nodules of limestone.

Over oue-half of the output of iron ore in the German Empire comes
from the minette distriet of Lothringen and Luxemburg, where oolitic
ore, in the hydrated state of iron oxide (brown iron ores), are found in
large quantities in four seams, which diminish in thickness from north
to south. The uppermost is of a black color, siliceous, and small; the
second of a gray color, calcareous, and 4 to 5 meters (13 to 16 feet)
thick; the third is of a red color, calcareous, and 3 meters (10 feet)
thick; the fourth one is also of a red color, but is siliccous, and about
3 meters (10 feet) thick. In mining, the ores are mixed so that no flux
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(limestone), or only a small amount, is necessary in the blast furnace.
The composition of the different beds is given in the following analysis,
1 being the Black bed at Luxemburg (Rollingen), 2 the Gray bed at
Belvaux, Luxemburg, 3 the Red bed (calcareous), and 4 the Red bed
(siliceous), both at Rnssingen, Lnxemburg.

Analyses of Lothringen and Luxemburg iron ores.

1 2 3. ! 4
Per cent. | Pervcent.| Percent. | Per cent.

Peroxide of iron.......... 55. 03 62. 43 40.15 | 43.64
Alumipa. ............ ... 6.73 6.52 2.74 .71
Siliea . ..oooimina il 15.74 11.40 7.53 45. 18
Lime ........ ... ... ... 5.04 3.82 24.28 3.27
Magneqla ................. .49 .35 1.36 .17
Phosphoric acid.......... 1. 65 1.19 .79 1.47
Sulphuric acid. ........... .23 A3 ot : .09 -
Carbonic acid............. 3.71 2. 61 } 93 18 f¢ 1.41
Loss of ignition,.......... 11.36 11.54 R 807

Total ..ccvvvneaun, 99, 98 99. 99 100, 03 | 100.03
Metalliciron......... el 3852 | 43.70| 28.10| 30.56

|

The following analyses are taken frem different parts of the district,
and illustrate the range of composition:

Analyses of minette ores, Germany.

Localities. Iron. . |Alnmina.| Lime. Silica.

Per cent.| Per cent.| Per cent.| Per cent.

Each, brown ore.......... 38tu 40 7to8 Gto 8| 13to1H
Esch, gray ore............ 30 t0 34 4t06 | 1dto 20 6to 7
Rollmgen, gray ore....... 40to42 7 15 to 20
Esch, red, calcareons. .. ... 35 to 48 5to6 5 to 12 8to 9
Oettmgen red, siliceous..| 286032 |.......... Trace. | 351040
- N - T 28 to 30 10 81012 | 18to 20

The phosphorus varies from 0.5 to 2 per cent in the Luxemburg ore.
The red calcareons bed is the one which is considered to yield the best
variety of ore. The pillar and stall method of working is employed.

Dr. Hermann Wedding, speaking of the Luxemburg ores, says that
as they are mixed the furpace yield is from 31 to 42 per cent, the
average being 38 per cent of pig iron.

The output of the minette district of Lothringen and Luxemburg in.
the year 1891 was 6,228,000 tons, or 58 per cent of the total amount of
iron ore mined in the German Empire in that year, whereas in 1871
this proportion represents but 36 per cent.

In 1890 the produection-in Leothringen was 3,256,000 tous, and in
Luxemburg 3,359,413 tons.

The second iron-ore district in 1mportance is that of Siegen (Sieger-
land). The entire district belongs to the so-called Coblenz beds of the
Lower Devonian period, in which predominate spathic ores, mixed with
brown hematite, particularly near the outcrops, and in some veins red
lhematite occurs. In more than 500 lodes the average thickness varies
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from 2 to 6 meters (6.50 19.7 feeis), Bitt in the lodes of Biserfeld a thick-
ness of 25 meters (82 feet) is rezwhed The once celebrated Stahlberg
deposit, near Musen, where a w’éﬁk‘re shaped deposit is said to have been
worked for over 550 years, is iow practically exhausted. The lode had
a thickness here of 75 meters (246 feet). The ores occur either as
itregular lodes in the diabase, or form deposits between it and the
neighboring slates. As is usually the case where spathic iron ore is.
present, it has been converted into limonite near the surface. The ore
is very clean, particularly free from phosphorus, high in mangauese,
and is therefore principally used in the manufacture of spiegeleisen.
The production of the district is from 1,000,000 to 1,200,000 fons per
annum, and is about 10 per cent of the total for Germany.
- TIron ores occur in the Upper Devonian rocks in a part of the Prov-
ince of Hessen-Nassau as beds, contact deposits, and segregations,
often near the surface, particularly in the country bordering on the
River Lahn, south of Sle{,erla,nd, striking Wetzlar and Giessen east
and the Rhme in the west. These 1165‘1"61‘”’% generally occur connected
with schalstein (a sort of diabase) as ¥¢d iﬁi’éiﬁ'éﬁﬁltes, but brown iron ores
and manganiferous iron ores are found YO iodiated with the red ores, or,
'in some instances, take the place of them. The main portion of these
iron ores is smelted in Westphalia. The yearly output does not consti-
tute quite 7 per cent of the total -product for the whole of Germany,
being from 750,000 to 790,000 tons. -

The fourth district is that of Upper Silesia, which furnishes a little
less iron ore than the preceding region, being 6.3 per cent of the entire
Gerntan output. The ores here occur at the surface in the Muschel-
kalk (a part of the Triassic formation); they are brown hematites con-
taining considerable mmanganese, but, besides a large quantity of silica,
often also galena and calamine (ZuCO,). In the adjacent Tertiary, Keu-
per, and Carbon formations a few clay ironstones are mined, but they
are of no great importance, being but 2 per cent of the output of the
district. The ores are very poor, and gencrally yield from 27 to 28
per cent of pig iron, which is rich in phosphorus. . Therefore they are
enriched by other ores from Styria, Sweden, etc.” The ores are all
smelted In upper Silesia, the yearly output being from 770,000 to
780,000 tons.

The fifth distriet in importance is the Westphalia coal region. At
Essen, Bochum, Hordt, and various other localities there are parallel
deposits of ironstone, closely resembling the black band of the Scottish
coal fields. In addition to beds of compact ironstone, a nodular concre-
tionary variety sometimes occurs in the shales of this formation. The
total of this district represents about 3.1 per ceut of the entire produc-
tion of Germany.

The sixth district is that of Ilsede (between Brunswick and Han-
over), where brown iron ore occurs in the shape of beans and balls in
the Cretaceous formation. The phosphorus is so high that the pig iron
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made from this ore contains 3 per cent of this element, The ore is,
however, practically self-fluxing. This district contributes 2.7 per cent
of the entire output of Germany.

The seventh district in importance is Osnabruck, where spathic and
brown hematite ores, low in phosphorus, are found in the ¢Zechstein”
-formation. Its mines yield a little more than 1 per cent of the total for
the country. ‘

The last district of moment is Oberpfalz, in Bavaria, where, partic-
ularly near Amberg, brown iron ores are found in the brown Jura
formation, the district furnishing about 1 per cent of the total produc-
tion of Germany, )

Besides these principal districts, iron ores exist in various parts of
the Empire. In the Harz Mountains, particularly, red hematite and
brown hematite are widely distributed in the Devonian rocks, and are
principally mined between Elbingerode and Blankenburg. In the
«Zechstein” formation, near Schmalkalden and Kanisdorf,in Thuringia,
spathie iron ores are won. In the eastern Harz, near Harzburg, oolitie
red ores are mined. These deposits occur in regular beds in the oolitie
formation. In lower Silesia magnetic ores are found near Schiniedeberg
in the crystalline slates, and red iron ores near Jauer in clay slates,
Brown and specular iron ores are produced in the Eifel Mountains.

The following table gives the percentages produced by the different
districts in the last year for which this was totally and aceurately
obtainable, viz, 1888, and the Survey is indebted to Dr, Hermann Wed-
ding, of Berlin, for this as well as for revision of data in regard to the
production of iron ores in Germany:

Percentages of total iron-ore output of different districts in Germany in 1888.

Districts. Per cent. k Districts. Per cent.

1. Luxemburgund Lothringen.. 56.9 11. Ostharz and Thuringia...... 0.5
2. Siegerland.._ ... ... ... ... 10. 1 12. Westharz (Harburg, etc.) .. .3
3. Laln Bezirk................. 6.9 13. WaldecK. .o nvinean. vevnnnn .3
4. Oberachlesien ...._.......... 6.3 || 14. Niederschlesien ............ .2
5. Westphalia {black band) .... 3.1 || 15. Nordeitel........ ... ..... 2
6. II8€d0 «uveveraveriiiaiannn. 2.7 ‘ 16, Erzgebirge .. ... .eo... .
7. Osnabruek...........oo.oo.o. 1.2 | 17. Balance (dispersed ores). . -. 8.3
8. Obevpfalz.. .. ... ......cc... .o |

9. Westphalia (various ores) ... 1.0 | Total. e ineninrreaeennnns 100.0
1¢. Mittelhurz( Elbingerode,ete.). .9 .

Considering the character of the various ores mined in 1888, the fol-
lowing amounts of each sort were prodnced:

Production of different characters of iron ore in Germany in 1888,

Metric tons.

Minette (oolitic brown hematite) . ...................... 6, 067, 000
Brown iron ore (brown hematite except minette).._.. .. 2,537, 000
Spathie iron ore (earbonate) ... .. ... .. Lo 1, 480, 000
Red iron ore {red hematite) ....... ... ... . e .. 630, 000
Black-band ores (carbonate) . ............o....o. L. 330, 000
Manganese ores (manganiferons ironores) ..............._. . 20 000

—

LA« - e e e e e e e e 10, 664, 000
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In 1890 6,615,000 metric tons of minette ore were produced, being
53 per cent of the whole production of Germany.
The comparative output of the different districts mentioued in 1890

" was as follows:
Iron-ore output of German districts in 1890,

Metric tons. .Met;ric t;ons.|

{

Luxemburg and Lothringen..| 6, 615,000 INsede.... o coioiiianaiannn { 327, 000 !
Siegerland ................... 997, 000 Osnabruek ... oo.o-icieannao.. 121, 000

Lahnbezirk ...cooovvnaoa.... 781, 000 Oberpfalz . ....zciieeiananen 144, 000

Oberschlesien ., ... ......... 776, 000 !

The production in other distriets has not been accurately reported.

The total production of iron ore in Germany in 1890 was 11,406,132
_metric tons, valued at 48,000,000 marks ($10,500,000),

In 1890 1,522,180 metmc tons of iron ore were imported into and
2,208,122 tons exported from Germany. That sent away was princi-
pally forwarded to Belgium and France, while the imports were the
largest from Spain, smaller amounts coming from Austria and Sweden.

The produection of iron ore by provinces in 1390 was as tollows:

Production of iron ore in Germany in 1890 by Provinces.
Prussia: :

Silesia— Metric tons.
Oppeln ...__._. e 776, 000
Breslau, Liegnitz ... ... ... .. ... .. ... .. 28, 000
——  804.000
Saxony—Merseburg, Erfart. .. ... .. .o Lol 57. 000
Hanover—
Hildesheim _.............. e e 327, 000
Osnabrnek ... .. . L. ii...iio... 121, 000
) —————— 448,000
Westphalia— ‘
MInBter .. o i ieieiiaverieieana 75, 000
R 1 e T 66, 000
Amnahery ... o eiaeaa 977, 000
1, 118, 000
Hessen-Nassau— :
Kassel. ... . il 73, 000
Wiesbaden .. ... ..o aiilLL 608, 000
S— 631, 000
Rheinland—
Coblenz ..o v i cee o ~.... 1,081,000
Kolm ... e 24,000
Aaclhen ... .. ... S 23, 000
Dusseldorf, Trier .. ... .. ... ...t ... 7, 000
— 1,135,000
. — 4, 243, 000
004311 ¢ 3, 359, 000
Elsass-Lothringen ... ... ............. e e e e 3, 256, 000
5 I -3 ¢ 173, 000
Bavaria:
(0] ¢23 f 05 217 7 144, 000
Oberfranken ... ... .. .. 9, 000
Varions places ... o . .. i 2,000
—— 135,000
Braunschwelg ... o e i ieieaaa 134, 000
WaldeCk ..ot e e e e e attaeat e an 36, 000
Schwarzburg-Rudolfstadt . .... ... ... .. .ol 12, 000
s FE Y 8 112 1 11,000
Wartomburg . .o e ceeaeeeaas 3, 000
Other German States 0T PTOVIDCES « oo e te e ot oo oo e e 24,132

TOtAL .« - o oo e e e e T, 11, 406, 132
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. Total for
, Luxem- Prussia, + -
Years. burg. eto. I(r‘xl?)r;?]aén Exports. Imports.  Pig iron.
Metrictons. | Metric tons.! Metrictons.i Metric tons.| Metric tons.| Metiic tons.
110, 000
171, 000
203, 342
305, 761
369, 000
524, 591
504, 658
645, 693
995, 738
987, 163
1, 200, 283
1, 356, 963
1, 345, 520
1870 ... ... 985,479 §.veo i i e 1,491,477
1872 ......... 1,170,939 | .. ... e 1,988, 394
1878. ... ... 1,331,743 | 4,845,833 | 6.177,576 2. 240, 574
1874 .. .. ... 1,442,666 | 4,130,090 | 5,572,756 1, 906, 262
1876, ... 1,052,405 | 3,677,948 | 4,730,353 2,029, 389
1876.......... 1,196,729 | 8,513.253 | 4,709,982 1, 846, 345
1877 ... ... 1,262,825 | 3,716,223 | 4,979,048 1,932,725
1878.. ... 1,407,617 | 4,049,484 | 5,457, 101 2,147, 641
1879....... ... 1,613,392 | 4,246,037 | F, 859,429 2,226, 587
1880.......... 2,173,463 | 5,065 177 | 7,238,640 | 1,263,036 607,007 | 2,729,038
1881.........t 2,161,881 | 5,411,801 | 7,573,772 { 1,443,278 616,000 [ 2,914, 009
1882, ... ...... 2,476,805 [ 5,786,449 1 8,263,254 | 1,621,182 783, 360 { 3, 380, 806
1883. ... ... 2,575,976 | 6,180,641 | 8,756,617 | 1,886,650 800,373.| 3,469,719
1884 ... ..... 2,451,454 | 6,554,342 | 9,005,796 | 1,808, 481 980, 442 | 3, 600, 612
1885. ... .. ... 2,648,490 | 6.509,379 | 9,157,869 ; 1,771,163 852,316 | 3,687,433
1886.......... 2,434,179 | 0,051,579 | 8,485,758 | 1,831,649 813,000 | 3,528.658
1887.......... 2,649,711 | 6,701,395 | 9,351,106 | 1, 744,551 | 1,036,217 | 4,023, 953
1888 .. ...... 3,250,000 | 7,414,800 | 10,664,800 | 2 211,820 | 1,163,373 | 4,337,421
ceeaaeaaaol 11,002,187 | 2,179,836 | 1,234,789 | 4,524, 558
8,046,719 | 11,406,132 } 2,208,122 | 1,522,180 | 4,658,451
........ ..] 10,657,502 | 1,984,428 | 1,408,035 | 4,641,217
.. 11,539,013 | 2,276,155 | 1,055,843 | 4,937,461
1893 e -| 11,457,491 | 2,353,232 | 1,573,202 | 4, 98¢, 003

The position of the German Empire as a consumer of pig irom is
emphasized by the statement that in 1892 the production of pig iron
in that country was 4,937,461 tons, the excess of imports over exports
being 37,956 tons, making the apparent home consumption 4,975,417
tons. In 1893 the production was 4,986,003 tons.

AUSTRIA-HUNGARY.

The most important deposits of iron ore in Austria are found in
Styria, where spathic iron ores occur in the strata of the Transition
formation, and at the bottom of the Buntsandstein formation. One
large deposit is about 160 miles from Reichenau-zu-Schwartz, but the
greatest development is at the Erzberg, near Eisenerz, where the
strata aggregate 45 meters (148 feet) thick. 'The Noric iron of Tacitus
and other authors is reported to have been prepared from ores obtained
here, and the industry has continued from the date of the Roman
occupation to the present day. A fire which oceurred at Eisenerz in
1618 destroyed documents then existing which carried the iron manu-
facture back to 712 A. D.

Spathic ore also occurs in Carinthia (in the crystalline slates) and
in the north of Hungary in the counties of Fips, Gomor, and Sohl, in
clay slates. The Berg-und Hiittenmiinnische Zeitung, in a descrip-
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tion of the mines of the Rimamurany-salgotarjan Company in Rakos
(Gomor County, Hungary), states that they cover.an area ot 245 acres.
The Devonian clay slates form the roof and floor of the brown hema.
tite, which occurs in great thickness at Vashegy. The beds strike in
a southeast direction, with a dip of 20° to 600, At Vashegy three ore
beds are distinguished, the lowest 39 feet 4 inches thick, contains
black, metallic-looking brown hematite, with 15 per cent of manganese
and 40 per cent of iron; the middle bed, 65 feet in thickness, is formed
of light brown quartzose hematite, with 2 per cent of manganese and
50 per cent of iron; while the upper bed, 98 feet in thickness, is com-
posed of a reddish brown hematite, with 2 to 4 per cent of manganese
and 35 to 60 per cent of iron. In the Rakos district two beds occur,
running parallel to those at Vashegy, and separated by 10 to 20 yards of
clay; the Tower bed is 26 feet, and the upper one 78 feet in thickness,.
Both contain brown hematite, which passes in places into spathic ore,
red hematite, and specular irom ore. 'The average percentage of iron
varies from 40 to 45. Both mines are worked prineipally by means of
adit levels.
Analyses of the Rakos ores gave the following average:

dverage composition of iron ove from Rakos, Hungary.

Per cent. ) Per cent.
1
Peroxide of irom -.ocoviiiiiaa.. ! 58.51 Lime ..o e 0. 032 )’
Protoxide of manganese ....... 4.05 Phoaphoric acid............. ... .319
Quardtz . ... . ...e..ollo ‘ 27.68 Water................... e 7.32
Alumina ......ccoviioieeaoaL. 1.34 f— ] -
Cupricoxide......ccceiiviaen.. . .71 Total...coooovevivennnanan. 93, 961

The second distriet in importance is that of Bohemia, where oolitie
iron ores (mostly red and brown) are found in the Silurian rocks. Ca-
rinthia, mentioned above,is third, and is followed by Moravia, where,
in different formations, brown, red, and clay iron ores are found.
Southern Hungary produces magnetic iron ore and Silesia bog ivon ore,

The output of iron ore in the various Provinees of Austria in 1891
was as follows:

Ouiput of iron ore in Austria in 1891 by Proviuces,

Metrictons. ‘Metric tons.!
_ |
Styria. ...l 761, 204 Carpiola .. ... ... ... ... 7,454
Bohemia «ooeeoeanoeaniian. 313, 320 Tyrol e 5, 629
Carinthia .. ..........ooi.... 08, 712 P 11 T T 5, 348
Moravid......ccoiiiaiaaana. 21, 635 Lower Austria......c........ 1,489
Galicia...._ . ... veeeniaon. 8, B17 _—
Salzburg .. ... i, 7,641 Total .. ..........o...... 1, 231, 249
1
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The following table shows the production, imports, and exports of
iron ore in the Austrian Empire, together with the pig-iron output, in
such years as the statistics could be obtained :

Production, imports, and exports of iron ore in the Anstiian Ewmpire, also pig iron made.

“! Iron-ore production. Iron ore. ..
i Years. Pig :‘ron
] Austria. | Hungary. Total. Lmports. 1 Exports. madae.
Metrictons.) Melric tons.| Metric tons.| Metric tons.! Metrictons.| Metrictons.
1840. .. ...... RS SRS AT A e 144, 351
5T o g | I 223, 045
1860. - e e o i e e - 348, 798
1866 oo (SO 319, 709
11T S EUSUE SN N S D b 361, 038
1868 oo e beeemneenns 495, 071
) 3:2057! IR (U SR R PR [ N emmcmnaeaan 450, 567
IB7U. ..., B35,151 [..-cnicmece]aiiai il .- 452, 244
1871.......... 853,065 J.ccenieeanfencinmemaeaeea e e 476, 627
C1B72. .. ..., 925,629 |, .-oiiaaan 1,156,708 | oo e 531, 850
1878 e 1,040,460 |, o] i e e e e et 594, 980
1874. ... ...... 906, 485 423,314 1,820,799 |eeenncnin i recnaa e 545, 742
1876, ... ca.... 704, 884 398, 243 1,108,327 |eeeen e ee e et 504, 347
1876.......... 5564, 966 347,456 902,422 ..o ool 400, 425
1877 e iievn-- L5 T {1 U N g 388, 230
1878 ... ... [HiTs 0 11 I O IR DRSPS RN 434, 250
1879, ......... 628,246 | ..o o e e e 404, 160
1880.......... 631, 680 380, 000 LOM, 680 [-ccero oot 464, 234
1881.......... 620,000 [coonvomie il e e it aine e ae e e 539, 646
1882.......... 902, 510 440,000 1,342,810 4 ... 611, 453
1883 ... .. $82, 313 440,000 | 1,822,818 |- ... il 701, 037
1884.......... 073,829 (oo irinnnficiananaa]s 734, 346
1885.......... 831,471 | e i e 714, 784
1886. .. c....- 776,000 590, 000 1, 366, 000 |. 703, 350
1887.......... 846, 566 566, 061 1,412,627 |. 704, 532
1888 ......... 1,009, 320 634,457 | 1,643,777 ... Ll oo 790 297
1889.......... 1, 115,153 649,210 1, 764, 363 46,493 86, 290 855, 813
1890... ... ... 1.361, 548 792,241 | 2,153,789 48, 730 140,018 | 965,379
1891.......... 1,231, 249 875, 563 2, 106, 812 68,121 88, 059 921, 846
1892. ... . ..., 993, 290 920, 541 1,913, 831 71, 679 108, 120 940, 647
1893.......... 1,109,112 973,471 2, 082, 583 783, 248 106, 259 982, 707
SWITZERLAND.

Prof. R. de Girard, of the Polytechnic School, Zurich, has supplied a
very interesting contribution upon the mineral deposits of Switzerlaud,
in considerable detail. Irom this admirable paper, which has been
translated in full by Mr. Robert Stein, the following data is excerpted
as specially referring to the iron ores and their exploitatiou.

The prinecipal, but not the only, center of exploitation of iron ores in
Switzerland is situated in the Jura, where two kinds of ore are found—
pisolitic ore, or bohnerz, and Suboxfordian ore. The pisolitic ores be-
long to the siderolithic terraue of the Jura, which is well represented
in most of the States of Europe. This terrane presents,in general,
gypsum, vitrifiable sands, refractory clays, and, finally, granular iron
ore, exploited for some centuries for the furnaces of Jura in the valley
of Matzendorf and in the valley of Delemont. The exhaustion of the
deposits is less to be feared than the lack of fuel and the insufficiency
of routes of communication. The siderolithic terrane of the Jura is
Tertiary; it is intermediate between the middle Parisian and the Ton-
grain.
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The composition of granular iron ore (pisolitic) is as follows:

Analysis of Swiss pisolitic iron ore.

Per cent. Pereent.
O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>